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SECTION 1

INTRODUCTORY REMARKS

The first microwave sounder intended for operational use
was flowmn aboard the Air Force Defense Meteorological Satellite
Program (DMSP) Block 5D satellite system launched in June, 1979.
The microwave sensor (SSM/T) is a 7-cChannel scanning radiometer
in the 50-60 GHz oxygen band region. The prime objective of
SSM/T is to provide data for deriving global basis temperature
profiles in the troposphere and lower stratosphere. Channel 1
(50.5 GHz) is a window channel responding strongly to the earth's
surface characteristics, dense clouds, and precipitation. Moreover,
the peaks of weighting functions for channels 2, 3, and 4 (53.2,
54,35, and 54.9 GHz) are below about 10 km.

It is known that the prime advantage of microwave over
infrared temperature sounders is that the longer wavelength micro-
waves are much less affected by clouds and precipitation. However,
to what degree and quantitative extent will clouds and precipita-
tion influence the brightness temperature values which would have been
observed under clear conditions? The objectives of the present
project under the sponsership of the Air Force Geophysics Laboratory
have been (1) to develop a program for the transfer of microwave
radiation in cloudy and precipitating atmospheres, (2) to compare

the theoretical simulated microwave and infrared radiances with
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observed values utilizing the required ground truth data when the
DMSP microwave and infrared data become available, and (3) to in-
vestigate the inference of temperature profiles under all weather
conditions.

Within the scope of these objectives and subject to the
availability of the DMSP data, this final report first presents the

theoretical foundation for the transfer of microwave radiation in

clear and cloudy atmospheres. Applications of the microwave pro-
gram to DMSP SSM/T channels are then described. Sensitivity analyses
on the effects of clouds and precipitation on the upwelling brightness
temperatures for channels 1 - 4 are subsequently carried out. In
addition, we report the results of temperature profile retrieval
exercises using the simulated brightness temperatures computed from
the microwave radiative transfer program described previously.
Lastly, a number of selected case studies utilizing the real SSM/T
data recently made available to us are also carried out for the
temperature retrieval exercises by means of a statistical method.
These case studies cover the conditions for clear, cloudy and pre-

cipitating atmospheres.




SECTION 2

THEORY OF MICROWAVE RADIATIVE TRANSFER
IN PLANE-PARALLEL ATMOSPHERES

2.1 Microwave Radiative Transfer in Clear Atmospheres

Consider a non-scattering, plane-parallel atmosphere which

is in local thermodynamic equilibrium and assume that thermal radiation

from the earth atmosphere is independent of the azimuthal angle ¢, the
general equation of transfer may be expressed in the frequency domain
as

d Iv(z,u)

v R NCORL LI (2.1)
where Iv is the radiance at frequency v, kv is the absorption coeffi-
cient, p is the density, py=cose, 6 is the emergent angle, z is the
height, and Bv denotes the Planck function. For satellite sounding
applications, the observations are normally taken close to the up-
welling direction (pu=1). Thus, for the simplicity of discussions on
the transfer of thermal radiation in a non-scattering atmosphere, the

dependence on p contained in the radiance expression is omitted.

The radiance solution of Eq. {2.1) at the top of the atmosphere

in the upwelling direction is given by

ot aT\,(Zs‘”)
1) = 10007, 00.0) + T 8,(1(0] =57 @z, (2.2)

where I (0) represents the radiance contribution from the surface,
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and the transmittance Tv(z.w) is expressed with respect to the top of

the atmosphere in the form
T (2,=) = exp[-f k (2')p(z')dz'] . (2.3)
z

In the microwave region, since the emissivity €y of the surface is
normally less than unity, there will be a reflection contribution from
the surface. The radiance emitted from the surface having a tempera-
ture Ts would therefore be given by

3T, (0 z)
Iv(O) = Eva(Ts) + (1- -€, ) ] B [T(z)] ———4dz . (2.4)

The first terms in the right-hand side of Eq. (2.4) denotes the sur-
face emission contribution, whereas the second term represents the
emission contribution from the entire atmosphere to the surface, which
is reflected back to the atmosphere at the same frequency. The trans-
mittance Tv(o,z) is now expressed with respect to the surface.

Inserting the lower boundary condition into Eq. (2.2), we

find
T( »2)
I (=) = e B (T)Z(0s) + (1-¢ )T (0,) ;a [T(2)] —m— ¢z
(z"”)
6 B [T(z)] dz . (2.5)
In the frequency domain, the Planck function is given by
B (T) = 2h v¥/[2(e™/KToy)] (2.6)

where h is the Planck constant, K is the Boltzmann constant,and c is
the velocity of light. Moreover, in the microwave region hv/KT<<1,

4




the Planck function may be approximated by

B,(T) = (2k2/P)T . (2.7)

This is the Rayleigh-Jeans law, which states that the Planck radiance
is linearly proportional to the temperature. Furthermore, radiometers
which measure the thermal emission are usually calibrated with sources
at certain reference temperatures. Thus, we may define an equivalent

brightness temperature TB such that
= (/) Ty(v). (2.8)

Substituting Eqs. (2.7) and (2.8) into Eq. (2.5), the solution of
microwave radiative transfer may now be written in terms of tempera-
ture as follows:
3T (0 z)
Tg(v) = e T (0,2) + (1-¢ )7, (0,) fT(z) —— dz

or (z )
+ f T(z) ——— dz . (2.9)

The transmittance is generally available with respect to
the top of the atmosphere; i.e., Tv(z) = Tv(z’“’)' Thus, for computa-
tional purposes, it is desirable to express T\’(O,Z) in terms of
Tv(z,m). For monochromatic frequencies, the transmittance is an
exponential function of the optical depth as shown in Eq. (2.3).

Hence, we may write

Tv(O,z)

2
exp[-g k,(z')p(2")dz"]

exp[-é k,(2')p(2')dz" + Z k,(z')o(2')d2"]

7 (0,%)/2,(2,%) . (2.10)
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Moreover, since Tv(o,w). the transmittance of the entire atmosphere,
is a constant value, we also find

ar, (0,2) 7 (0,=) 97 (z,) »
= - . (2.1) .
o [r(z,9) %

Substituting Eq. (2.11) into Eq. (2.9), rearranging terms, and letting
Tv(z,m) = Tv(z), Eq. (2.9) may be rewritten to yield

oT (z)

Tg(v) = € T .7 (0) + Z J,(2) ;Z dz , (2.12)

where the atmospher.c source term is given by

32 = {1+ (1= )z (0)/7 (2) P} T(2) . (2.13)

2.2 Microwave Radiative Transfer in Scattering Cloudy Atmospheres

The basic equation of transfer for a plane-parallel cloud
layer consisting of absorbing gases in local thermodynamic equilibrium

may be written in the form

d Iv(‘r,u) (I)v 1 . . '
g = I () - % !] PLGusu" )T (750 )du
- (-6 )8 [T(1)] . (2.14)

In Eq. (2.14), Iv represents the monochromatic radiance of frequency
v, u the cosine of the emergent angle with respect to the zenith, T
the optical depth for cloud particles and gases within the cloud, Pv
the normalized axially symmetrical scattering phase function, T the

cloud temperature, and the single scattering albedo : ﬁ




Bs v , (2.15)

a',:
+ +
Vo oBg Y Byt ke

where Bs,v and Ba,v denote the volume scattering and absorption cross
sections, respectively, for cloud particles at frequency v. The nor-
malized phase function can be expressed as a Legendre polynomial of
finite terms. By approximating the integration in Eq. (2.14) utilizing
Gauss' quadrature formula, a set of first order inhomogeneous differ-
ential equations can be derived. Upon searching the homogeneous and
particular solutions of the differential equations as outlined by
Chandrasekhar (1950), the complete solution of the scattered intensity
from an isothérmal cloud having a temperature Tc at a given discrete

stream can be expressed as

L (raug) = Tlgbluglems(-kye) + 8(T0) (2.16)

where m is the number of discrete streams employed, ®m and km repre-
sent eigenfunctions and eigenvalues for the differential equations,

and are associated with the scattering phase function and single-

scattering albedo, and Lm are a set of constants of proportionality

which can be determined from the radiation boundary conditions above
and below the cloud layer.

In the previous subsection, we pointed out that in the
microwave region, the Planck function is normally expressed in terms
of the temperature and the measured radiance is given by an equivalent
| brightness temperature. Thus, using Eqs. (2.7) and (2.8), Eq. (2.14)
‘ may be written in terms of the brightness temperature as follows:

7




d TB(V,T;U) mv + .
g = Tglvitsu) - & {1 P (" ) Tglv,min') du
- (]-mv)T(T) . (2.17)

The solution of Eq. (2.17) can be derived in a manner similar to that

of Eq. (2.14) and is given by
Tg(vstsyy) = % LidmlusJexp(-k ) + T . (2.18)

Here the constants of proportionality L& differ from those given in
Eq. (2.16) and are to be evaluated from the radiation boundary condi-
tions described below. WNote that Tc. the cloud temperature, is in-
dependent of frequency v.

The inhomogeneous and nonisothermal structure of a cloud
layer may be taken into consideration by dividing the cloud layer
into a number of sublayers, each of which has a mean isothermal
temperature and is homogeneous with respect to the cloud composition.
At the cloud top, the downward brightness temperature is equal to the
brightness contributions from every point in the atmosphere above the

cloud top. This can be expressed by

Tg(vszyi-uy) = z[ T(z) dr (2,2,5-14) » (2.19)
b 4
t
where z, is the height at the cloud top and the negative sign on My
simply indicates downward transfer. Note here that we change the
t-coordinate to the height coordinate for the convenience of dis- )

cussion. The transmittance in this equation is




1

2
™ [ k(z')e(2')dz'],

T (2452305) = T (2,245-u5) = exp[- J
t

(2.20)
and in terms of transmittance with respect to the top of the atmos-

" phere, we find f

T (2Zgs25u5) = T (250,) /T (2,250,)

Tv(Zt;u.i)/Tv(Z;u,-), Zt>Z . (2-2])

Within the cloud layer, where scattering occurs, continuity of bright-

ness values from all directions is required. Thus,

TB(v,Zz;ui) = TB(\),z“];u‘.), 2=1,2,...,N-1 , (2.22)

where N is the total number of sublayers within the cloud.

At the lower boundary of the cloud, three brightness con-
tributions are immediately apparent. These include (a) the surface
contribution, (b) the direct atmospheric contribution from below the
cloud, and (c) the reflected atmospheric contribution from below the
cloud. A fourth, and perhaps less obvious, brightness contribution
at the lower boundary must be considered. Since the reflection of
dowmnward brightness by the earth's surface is significant for micro-
wave radiation, the emergent brightness at the cloud bottom will ‘
contribute to the lower boundary condition. That is to say, the
solution to the radiative transfer through the cloud affects the
boundary conditions used to obtain the solution. This suggests that
an iterative approach to the correct solution is required. Practically,

this is accomplished by assuming initially that the top-down throughput

9
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t of the cloud equals one. The emergent intensity at the cloud bottom

| obtained by this assumption can then be attenuated by two trips through
the atmosphere between the earth's surface and the cloud base and by

the reflection at the earth's surface. This value is added to the

‘ lower boundary condition and the solution to the radiative transfer
equation then produces a new value for the emergent brightness temperature
at the cloud bottom. From this solution a new top/down throughput can be
calculated and the process is repeated until the new throughput varies

1 from the old by less than one tenth. In all cases examined by this

v study the iteration halted after only two steps. The lower boundary

conditions can then be expressed as
. 2,
TB(v’zb;ﬂJi) = E\)TST\)(O’Zb;+u'i) + 210 T(Z)dTv(Z-Zb;*'u,-)

Z
b
(]-E“)TV(O’zb;+u")[z£o T(Z)d_Tv(O.z;-ui)

+

+ TB(\’,Zt;-ui)Tg('ui)T\,(Zb.O:'u.i)]. (2-23)

where Ts(”i) is defined to be the top/down throughput of the cloud for
the stream defined by M and z, is the height of the cloud base. It
is given by

Toug) = Ta(vazsom ) MTp(vaz,imny) - (2.24)

In Eq. (2.23), all the transmittances can be expressed in reference
to the top of the atmosphere. The numerical technique for solving a
set of simultaneous linear equations denoted in Eqs. (2.19), (2.22)

and (2.23) has been well documented in our previous infrared studies

10




(Liou et al., 1977; Feddes and Liou, 1977). i

The microwave transfer program for cloud layers will give
the upward brightness temperature at the cloud top, i.e., TB(v,zt;ui).
Thus, the upward brightness temperature at the satellite point of

view in overcast cloudy conditions may then be written as

Tg(vemsng) = Talvszysuy) 7, (24 s504) +Z T(z) dr(z,=u,) ,
t (2.25)

3

where the first term in the right-hand side of Eq. (2.25) represents

i the contribution from the cloud top brightness temperature which is i
being attenuated to the top of the atmosphere, and the remaining '5
i
term is the atmospheric contribution above the cloud top. !
i '3
H
4
3
1 1
1
?
§
) .

n




SECTION 3

APPLICATIONS OF MICROWAVE RADIATIVE TRANSFER PROGRAM
TO DMSP BLOCK 5D SSM/T CHANNELS

3.1 Characteristics of DMSP Block 5D SSM/T Channels

The Passive Microwave Temperature Sounder (SSM/T) was
launched in June, 1979, in a sun-synchronous polar orbit, by the
United States Air Force as part of the Defense Meteorological
Satellite Program (DMSP) Block 5D package. Other equipment of
meteorological interest on board the space craft include visual and
infrared imagery channels and a scanning infrared spectroradiometer.
The SSM/T sensor is a cross track scanning radiometer, which acquires
data at 32 second intervals and at seven angular positions separated
by 12 degrees. The "footprints" of a scan for the SSM/T along the
satellite subtrack are shown in Figure 1. The horizontal resolution
is a near circle of 174 km diameter in the nadir direction, while it
is an ellipse with a major axis of 304 km and minor axis of approxi-
mately 213 km at the maximum scan angle of 36° from nadir. Seven opera-
tional frequencies were chosen in the vicinity of a strong oxygen
absorption band in the 50-60 GHz region. Figure 2 depicts the
weighting functions (37/3z) of the SSM/T channels in the nadir di-
rection for a surface emissivity of 0.97. Channel 1, 50.50 GHz, is
a "window" channel and senses at or near the earth's surface. Channels

2, 3, and 4 (53.20, 54.35 and 54.90 GHz) have weighting functions that
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Figure 2.
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peak at increasing heights in the troposphere. The weighting functions
of Channels 5, 6 and 7 peak in the stratosphere with Channel 5 peaking
highest in the atmosphere near 28 km. The weighting functions result
from consideration of atmospheric absorption due to water vapor and
molecular oxygen. The peaks of these weighting functions indicate the
approximate location in the atmosphere from which most of the energy
that reaches the top of the atmosphere originates. The weighting func-
tions presented in Figure 2 also include the transmittance corrections
for antenna gain characteristics. The DMSP Block 5D satellite also
carries channels in the infrared. The Special Sensor H (SSH) is the
infrared temperature-humidity-ozone sounder consisting of six channels
in the 15 um 002 band, eight channels in the 18-30 um H20 rotational
band, and one channel in the 9.6 uym 03 band.

3.2 Atmospheric Absorption and Scattering Parameters for
SSM/T Frequencies

Microwave frequencies between 50.0 and 60.0 GHz are affected
by several different atmospheric constituents. Gases in the atmos-
phere absorb and emit microwave radiation. Cloud droplets and
rain drops not only absorb and emit but also scatter the incoming

radiation.

3.2.1 Absorption due to gaseous constituents. The primary gaseous

absorbers in the microwave region are H20 and 02. Atmospheric nitrogen
gradually becomes a more significant absorber at frequencies greater
than 120 GHz, but has 1ittle influence in the vicinity of 60 GHz.

Other gaseous constituents occur in very low concentrations and, in
general, their effects are very small,

15
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The 02 absorption spectrum in the microwave region is due
to the molecule's magnetic dipole moment. Figure 3 presents the
absorption coefficient of dry air versus frequency. The absorption
coefficient (decibels/km) shows a dramatic peak near 60 GHz and a
secondary maximum near 120 GHz. Both peaks are attributable to mole-
cular oxygen. The characteristics of this absorption spectrum were
first investigated by Van Vleck (1947). Other investigators have
built on his studies, culminating in a paper by Meeks and Lilley
(1963). For this study, the absorption coefficients for 0, were
calculated using Meeks and Lilley's parameters.

Water vapor absorption in the microwave is chiefly due to an
electric dipole moment. Initial studies were published by Van Vleck
(1947), Becker and Autler (1946), and King, et al. (1947). Rosenblum
(1961) gave an excellent summary of work done up to 1961. Figure 4
presents water vapor absorption (decibels/km) versus frequency in the
microwave region. It is seen that the values of absorption increase gra-
dually through the range of frequencies under investigation. It is
apparent that the absorption due to water vapor is less than that of
molecular oxygen for all the channels chosen for the SSM/T sounder.
Note, however, that even though the absorption coefficients for 02
are generally higher than those for H20, the two values are roughly
equivalent for the window channel at 50.50 GHz, H,0 absorption
coefficients were calculated using the method of Barrett and Chung
(1962). Computer programs for determination of both of these coeffi-

cients were kindly provided by Falcone (personal communication).
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3.2.2 Scattering and absorption due to cloud droplets. The

application of Mie scattering theory enables the calculation of optical
parameters for assumed spherical particles given the complex index

of refraction, wavelength of incident radiation, and particle size
distribution. Although larger rain drops are known to deviate some-
what from the spherical shape, Mie theory still remains probably the
best currently available theoretical tool for analyzing the effects

of cloud droplets and rain in the atmosphere.

The Mie program used for the calculations in this study is
a modification for Univac computers of the program by Liou and Hansen
(1971). The output of the Mie computations include the coefficients
of the Legendre polynomial approximation to the phase function, the
extinction coefficient (km']) and the single scattering albedo. Note
that the extinction coefficient and single scattering albedo determined
here involve scattering and absorption by the particles as the only
mechanisms for extinction. These values are modified to include
absorption by the gaseous atmosphere within the cloud prior to their
use in the solution of the radiative transfer equation.

The complex indices of refraction for pure liquid water at
temperatures of +10° and -10° C have been determined by Savage (1976)
for several different frequencies. These values (Table 1) are based
on a least squares fit to the data of Saxton and Lane (1962) given by
Hollinger (1973). The complex indices of refraction for the SSM/T
channels as shown in Table 2 were obtained from Table 1 by linear

interpolation in frequency. For the purpose of this study the values

for 0° C are used throughout.

. e A
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Table 1. Refractive index m=mr-1'mr of pure liquid water. ’
j
Frequency T=10°C T=0°C T=-10°C 1
(GHz) m. m, m. m; m. m, 3
19.35 5.87 2.96 5.20 2.94 4.64 2.81 f
37.00 4,32 2.60 3.83 2.37 3.46 2.12
50.30 3.76 2.29 3.37 2.03 3.08 1.78
89.50 3.00 1.67 2.76 1.42 2.60 1.20 ?
100.00 2.89 1.56 2.68 1.31 2.54 1.10
118.00 2.75 1.39 2.58 1.15 2.46 0.96
130.00 2.68 1.30 2.53 1.07 2.43 0.89
183.00 2.49 1.00 2.39 0.81] 2.33 0.66
231.00 2.40 0.82 2.33 0.66 2.29 0.53
1
Table 2. Refractive index of pure liquid water (SSM/T).
Channel Frequencies (GHz) i
50.50 53.20 54,35 54.90 58.40 58. 82 59.40 ‘
m. 3.37 3.32 3.31 3.30 3.24 3.24 3.23
m. 2.03 1.98 1.97 1.96 1.90 1.90 1.89
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Utilizing the wavelength and the associated index of refraction,
Mie scattering calculations for single particles may be carried out. Once
the absorption and scattering efficiencies for single particles have been
determined in terms of effective cross sectional area, the efficiencies for
a size distribution of particles can be determined by integrating over the
distribution. This area per volume relationship then has dimensions of
inverse length and is described as the absorption or scattering coefficient.
The extinction coefficient is then the sum of the absorption and scattering
coefficients. The drop size distributions used for this study are neces-
sarily numerical models. Two models have been chosen to represent nonpre-
cipitating and precipitating clouds, respectively. Deirmendjian's L-Model
cloud (Deirmendjian, 1969) drop size distribution is used for the nonpreci-

pitating case. It is given by

N(r) = ar® exp(-br®) , (3.1)

where r is the drop radius in mm and note that N(r) is in units of cm'4.

By varying the constants this model can be made to represent a variety of

cloud types. For this study, a=4.975X107

, =2, b=15.1186, and 6=.5. The
selection of the nonprecipitating cloud model here is hypothetical and we
fully realize that it is not a representative cloud model for typical
clouds occurring in the atmosphere which have normally insignificant effect
in the microwave frequencies. For the precipitating case, a theoretical
drop size distribution based on rainfall rate is used (Marshall and

Palmer, 1948), The distribution is expressed by

N(r) = 0.16 exp(-2rs) , (3.2)
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where §=41 R*2!

and R denotes rainfall rate (mm/hr.). This exponential
behavior of drop size distribution has been experimentally verified by
Gunn and Marshall (1958) and Sekhon and Srivastaval (1970).

The phase function in terms of Legendre polynomial coefficients,
extinction coefficients, and single scattering albedos calculated for
each SSM/T channel from Mie theory are tabulated in Tables 3-13. Since
the extinction coefficient input to the radiative transfer program must

be in units of (km']),the final valuesoutput by the Mie program have

been multiplied by the proper constant to obtain these units.

3.3 Atmospheric Profile and Cloud Models Used

Two climatological profiles were used for the sensitivity
study. The first profile was derived from the northerm hemispheric

mid-latitude Spring/Fall climatology contained in the U.S. Standard

Atmospheric Supplements, 1966. The second profile was derived from

the climatology for 30° north latitude, July, contained in the same
source. For both profiles temperature and height values were inter-
polated to 40 standard pressure levels used for this study. Mixing
ratiovalues for levels below 250 mb were obtained from a Skew-T dia-
gram and hence are saturation values. Above 250 mb a constant mixing
ratio of 3 parts per million was used. The profiles for the mid-
latitude Spring/Fall and the 30° N latitude, July, are depicted in
Figure 5.

To account for the total water within the cloud, the
vertical Tiquid water content is customarily used. For spherical
particles the droplet volume per unit volume of atmosphere is given

by
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Figure 5. Climatological temperature and water vapor profiles for the
northern hemispheric mid-latitude Spring/Fall and 30° north
latitude, July.
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r3 N(r)dr . (5.1)

V= %-n

OV— 8

Therefore the total liquid water content per unit volume of atmosphere
is

[+ ]

W= %-wp | 3 N(r)dr (gm cm-3)
0

, (5.2)

—

where r is in units of cm, N(r) is in terms of cm'4, and the density of

3

liquid water p is 1 gm cm °. For the Deirmendjian L-Model we have

2

W= 1.16678(10°%) (gm emZ km V) , (5.3)

while for the Marshall-Palmer size distribution we find

84 2

W= 1.77883(107%) R°®* (gn e k) . (5.4)

Table 14 contains the total mass of liquid water within a colum of

1 cm2 cross section for the cloud models used.

Table 14. Total liquid water content (10'2 gm cm'z).

Thickness (km) ] 2 3 4 5
Deirmendjian 1.16678 2.33356 3.50034 4.66712 5.83390
Marshall-Palmer
R(mm/hr)
1 0. 88941 1.77882 2.66823 3.55764 4. 44705
2 1.59209 3.18418 4.77627 6.36835 7.96044
3 2.23812 4,47625 6.71437 8.95249 11.1906
4 2.84992 5.69984 8.54975 11.3997 14.2496
5 3.43745 6.87491 10.3124 13.7498 17.1873
10 6.15321 12.3064 18. 4596 24.6129 30.7661
15 8.65005 17.3001 25.9502 34.0020 43.2503
20 11.0146 22.0291 33.0437 44.0583 55.0728
25 13.2853 26.5706 39,8559 53.1412 66.4266
30 15.4840 30.9681 46.5421 61.9361 77.4201
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SECTION 4

SENSITIVITY ANALYSES ON THE EFFECTS OF CLOUD AND
PRECIPITATION ON THE DMSP SSM/T CHANNELS

In this section, we present the results computed from the
microwave radiative transfer program for cloudy atmospheres described

in Section 2. The computations utilize the single-scattering para-

meters presented in Section 3 for input to the transfer program. In
view of the weighting function diagram depicted in Figure 2, it is
anticipated that only 50.50, 53.20 and 54.35 GHz (channels 1-3) whose
peaks of the weighting function are below the tropopause will be
affected by clouds and precipitation. However, in the following
analyses, 54,90 GHz (channel 4) is also included in the computations.
Effects of the rainfall rate and cloud layer thickness on the up-
welling (u=1) brightness temperature over land and ocean surfaces are

first discussed. Computational results due to variations of the cloud

location and atmospheric profile are then reported. Physical inter-

pretation of the results are given in the last Subsection,

4.1 Dependence on Layer Thickness and Rainfall Rate

To determine the effect of varying cloud thicknesses on the
brightness temperatures reaching the top of the atmosphere, cloud models

were inserted into the atmosphere with a constant cloud base of 1 km.




Thickness cases of 1, 2, 3, 4 and 5 km were examined. Variations of
the brightness temperature over land with respect to cloud thickness
and rainfall rate for channels 1 through 4 are displayed in Figures 6
through 10. The surface emissivity over land is taken to be 0.97 for
all channels in this sensitivity study. The energy sensed by channels
5, 6 and 7 originates sufficiently high in the atmosphere that the
brightness temperatures are insignificantly affected by the cloud models
as pointed out previously.

The differences due to thickness for channels 3 and 4 may be
misleading. It is more )ike1y that a positional dependence for the
cloud is being exhibited. Since the cloud base was fixed at 1 km, only
the thicker clouds reached into the energy peak source regions for
channels 3 and 4 (weighting functions peak at about 7 and 10.5 km,
respectively). For example, a 5 km thick cloud with a 1 km base at a
2 mm/hr rainfall rate results in brightness temperatures for channels
3 and 4 of 237.3° K and 228.9° K. The Deirmendjian L-Model cloud used
in the position study has liquid water content approximately equal to
that of the 2 mm/hr rain model and yet a 2 km thick L-Model cloud with
base at 4 km results in nearly the same brightness temperatures for
channels 3 and 4 as the 5 km thick cloud discussed above (237.2° K and
228.7° K, respectively).

Channels 1 and 2 (peaking near the surface and 2 km) show
decreasing brightness temperatures for increasing cloud thicknesses.
The decrease is greater for clouds modeling higher rainfall rates.

For channel 1 at a rainfall rate of 1 mm/hr the decrease ranges from

2° X for a 1 km thick cloud to 16° K for a 5 km thick cloud. For a

37
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rainfall rate of 30 mm/hr the channel 1 brightness temperature decreases
14° K for a 1 km thick cloud and 43° K for a 5 km thick cloud. Channel
2 displays the same trends as channel 1 but to a lesser degree. For a
rainfall rate of 1 mm/hr the decrease in channel 2 brightness tempera-
ture as a function of cloud thickness ranges from less than 0.5° K to
5° K. For a rainfall rate of 30 mm/hr the range is 4° K to 22° K.

The results for channels 3 and 4 show relatively constant
brightness temperatures unaffected by rainfall rates less than about
3 mm/hr. For rainfall rates greater than 3 mm/hr the brightness
temperature decreases with increasing cloud thickness. The maximum
decreases are 7° K for channel 3 and 2° K for channel 4; both at rain-
fall rates of 30 mm/hr and cloud thicknesses of 5 km.

Figures 11 through 14 depict the variation of brightness
temperatures over ocean having an emissivity of 0.51 with respect to
cloud thickness and liquid water content for channels 1-4. The results
over the ocean are quite different from the results over land. Note
that the only physical difference between these two cases is that the
surface emissivity for all channels is taken to be 0.97 for a land
surface and 0.51 for an ocean surface. The difference in the surface
emissivity reyeals that the surface contribution over ocean is approxi-
mately one half of the surface contribution over land, and that the
atmospheric contribution reflected from the earth's surface is approxi-
mately 16 times greater over ocean.

Figures 11 and 12 show that channels 1 and 2 follow similar
trends over the ocean but to different degrees. For all cloud thick-
nesses, an initial reduction in the brightness temperature is observed

for clouds with low liquid water content. For channel 1 the maximum
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Figure 11,

Orightnese Tampergiurs (°K)

Figure 12.

& 4 . e P

b

a5 —+ —+ ~+—t + + +— —+ —t—t
5 0 15 20 25 30 38 40 45 50
Cloud Liguid Woter Content (102 gmom 2)

—

50.50 GHz brightness temperature as a function of c]qud
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Cloud Weter Comtent (10°2 gmam2)

Figure 13. 54.35 GHz brightness temperature as a function of cloud
thickness and liquid water content (mid-latitude Spring/
Fall profile over ocean).
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Figure 14. 54.90 GHz brightness temperature as a function of cloud
thickness and 1iquid water content (mid-latitude Spring/
Fall profile over ocean).
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reduction is 2° K, while for channel 2 the maximum reduction is nearly
13° K. At some Tiquid water content less than 5X10°2 gm cm™2 the
brightness temperature begins to increase. The turning point occurs
at lower liquid water content for thinner clouds. The brightness tem-
perature then increases until the liquid water content reaches about

2 gm en2. For channel 1 this increase results in a maximum

15X10°
brightness temperature more than 35° K higher than the clear colum
value. For channel 2 the maximum brightness temperature is about 3° K
greater than the clear column value. For liquid water contents greater
than 15X10'2 gm cm'z, the brightness temperature decreases for both channels
and all cloud thicknesses. Note that the maximum brightness tempera-
ture observed over ocean is very nearly the same as the minimum bright-
ness temperature observed over land (within about 4 - 7°K).

Figures 13 and 14 indicate that channels 3 and 4 are relatively
unaffected by a 1 km thick cloud with a cloud base at 1 km. Increasing
the cloud thickness above 1 km causes steadily decreasing brightness
temperatures. For a constant cloud thickness, increasing the liquid
water content causes a decrease in the brightness temperature. Note

that channel 4 is affected by less than 1° K for all of the cases

studied.

4,2 Dependence on Layer Location and Atmospheric Profile

In this subsection, we first investigate the effect of the
position of the cloud layer in the atmosphere on the upwelling bright-
ness temperature. Figures 15 through 20 display the importance of cloud
position relative to the peak of the weighting function for each channel

over the land surface.
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Channels 1 and 2 show the effects on a channel when the cloud
is at or above the peak of the weighting function, i.e., the prime energy
source region for the channel. The brightness temperature decreases
rapidly as the cloud is moved higher putting more and more of the energy
source for the channel beneath it. Eventually, the brightness temperature
becomes near constant as all of the significant source region for channel
energy is below the cloud and therefore raising the cloud higher has only
slight effects.

Channels 3 and 4 show the results of moving a cloud from below
the prime energy source region up through the source region. Far below
the energy source the brightness temperature remains nearly constant.
Then, as the cloud moves into the source region, the brightness tempera-
ture decreases significantly, becoming near constant above the source
region as for channels 1 and 2.

Channels 6 and 7 indicate that for channels peaking high
enough in the atmosphere to be free of surface effects, brightness
temperatures increase slightly as the cloud approaches the energy
source region from below.

Sensitivity analyses on the positional dependence were also
carried out over the ocean surface. It was found that the same positional
dependence exists over the ocean as over the land with no change in trends
for any of the channels.

Figures 21 through 28 display the results when the sensitivity
analysis is duplicated for.the 30° N Tlatitude, July,profile. Although
the different profile naturally results in different brightness tempera-
tures, the trends noted for the northern hemispheric mid-latitude
Spring/Fall profile for liquid water content greater than about 3)(10'2 gm

cm~2 are observed to persist.
48
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4.3 Interpretation of Results

In order to aid in the interpretation of results Figure 29 is
included which graphically depicts the terms contributing to the cloud
boundary conditions and the mechanisms for energy loss and gain within
the cloud. There are three mechanisms for energy gain within the cloud
caused by gaseous emission, droplet emission,and multiple scattering.
On the other hand, there are three mechanisms for energy loss due to
gaseous absorption, droplet absorption, and single scattering. The
balance of these mechanisms determines whether the emergent energy at
the cloud top and bottom is greater or less than the respective boundary
condition at the cloud bottom and top. Of course, the boundary condi-
tions themselves are an important contribution to the emergent energy
at the opposite side of the cloud. The upper boundary condition is
totally unaffected by the earth's surface. For the lower boundary
condition, quite the opposite is true. When the emissivity (and hence
the reflectivity) of the earth's surface varies, three of the four
contributing terms for the lower boundary condition are influenced.
These include (1) the surface emission term, (2) the atmospheric con-
tribution reflected from the surface of the earth, and (3) the emer-
gent energy from the cloud bottom reflected from the earth's surface.
Finally, it is important to note that the emission terms are generally
stronager near the cloud bottom due to the temperature gradient within
the cloud; and throughout the cloud, emission by water droplets is
greater than emission by atmospheric molecules.

Introducing a cloud into the atmosphere will then resuit in

increased emission within the cloud layer and decreased transmission

through the cloud layer. The three contributions to the cloud top
54
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Figure 29, Radiative transfer through a cloud layer.
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brightness temperature are emission by the earth's surface, atmospheric
emission and emission from within the cloud layer.

To remove the surface term, atmospheric contribution, or
cloud emission, we simply set the surface temperature, boundary
conditions, or cloud temperature equal to zero, respectively. Each
contribution can be analyzed separately by removing the other two.

In Figures 30 through 33 the effects of cloud thickness
and liquid water content on the three contributions to the cloud top
: brightness temperature over the ocean are displayed. The solid line

is the graphical sum of these components and the X's are computed cloud

top temperatures directly from the microwave transfer program for
randomly selected cases. Clearly, for channel 1 the addition of energy
by droplet emission is greater than the energy loss due to droplet
absorption and single scattering for liquid water contents greater than
0.01 gm cm'z. This explains the region of increasing brightness tempera-
ture for channel 1 observed in Figure 11. For liquid water content
greater than 0.20 gm cm'2 the droplet emission reaching the cloud top

is nearly constant and represents almost all of the energy reaching

the cloud top. Although the surface emission and atmospheric contri-
butions to cloud top brightness temperature are small in this region,
they are decreasing with increasing liquid water content so the cloud top

brightness temperature decreases slightly also. This explains the slight de-

crease in the brightness temperature for channel 1 in this region. The

fact that cloud emission accounts for almost all of the cloud top bright-

ness temperature for water content greater than 0.20 gm cm'2 explains
why the brightness temperatures over ocean and over land are nearly the
same in this region. The cloud emission must be less than the reduction
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in the surface and atmospheric terms for liquid water content less than

0.01 gm cm°2 in order to explain the slight decrease in brightness tempera-
tures in this region.

The cloud emission curves remain the same over land. As previously
noted, the surface term is nearly twice as large over land while the reflected
terms are only one sixteenth as large. The direct atmospheric contribution
remains the same. The net result is that the upwelling brightness tempera-
ture at the cloud bottom over land is significantly larger than that over
ocean. For example, our numerical experiments show that the lower boundary
condition over land for a 1 km thick cloud ranges from 280° K to 285° K for
rainfall rates of 1 to 30 mm/hr. Over ocean the range is 200° K to 240° K
for the same cloud thickness and rainfall rates. Since the loss of energy
within the cloud layer is proportional to the energy incident at the cloud
base, a greater reduction takes place over land. This increased reduction
is associated with the continuously decrease of brightness temperatures with
increasing liquid water content over land for channel 1 as shown in Figures
6 through 10. In these cases, effects of the cloud transmittance is larger
than the cloud emission.

For channel 2 the surface contribution to the cloud top brightness
temperature over ocean is less than that for channel 1 due to the differences
in transmittance as illustrated in Figures 30 and 32 and Fiqures 31 and 33
for 1 km and 3 km cases, respectively. The atmospheric terms are increased,
however, due to the shape of the weighting function for this channel and the
high reflectivity of the ocean surface. Although the cloud emission contri-
bution for the 3 km case is slightly greater for channel 1 over channel 2,
the net result is a higher cloud top brightness temperature for channel 2.
The lower boundary condition is also higher for the same reasons, resulting

in a greater reduction in the surface and atmospheric terms as they traverse
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the cloud. Thus, for liquid water contents less than about 0.05 gm cm'2 (see
Figure 12) at which the cloud emission is small, we observe the deepening of
the reduction in the brightness temperature. The greater reduction in the
surface and atmospheric terms also explains why the increase in brightness

2 is not as

temperature for liquid water content of 0.05 through 0.15 gm cm”
large as the corresponding increases for channel 1. Note that the cloud

emission is only slightly larger for channel 1 than channel 2 in the 3 km case
and for the 1 km case it is approximately the same for both channels.

Based on the numerical experiments carried out for the study of the
effects of the liquid water content on the surface, atmospheric, and cloud
emission contributions to the cloud top brightness temperature over land, we
find that nearly the same discussion applies for channel 2 over land as for
channel 1. Thus, no plots similar to Figures 30 - 33 will be presented but
rather some general discussions are made here. The surface terms increases due
to the change in emissivity of the earth's surface. The increase is smaller than
for channel 1, however, due to transmittance differences. The atmospheric terms
decrease due to the change in reflectivity of the earth's surface. The decrease
is larger than for channel 1 due to the shape of the weighting functions. The
net result is that the lower boundary condition increases for channel 2 over
land, but the increase is much reduced for channel 1. For example, for a 1 km
thick cloud and rainfall rates of 1 and 30 mm/hr the lower boundary condition
for channel 2 is nearly constant at 285° K over land but ranges from 250° K to
265° K over ocean. Once again, this increase in the lower boundary condition
results in increased reduction through the cloud. Thus, we find that the bright-
ness temperatures are continuously decreasing with increasing rainfall rates.

Channels 3 and 4 are relatively unaffected by the emissivity of the
earth's surface. This is due to the fact that the transmittance from the earth's
surface to the top of the atmosphere is only 0.023 for channel 3 and 0.003 for
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channel 4 based on the results from the transmittance program. This fact ex-
plains why the brightness temperatures for channels 3 and 4 do not vary much
between land and ocean surfaces. In this study the highest cloud top modeled
was set at 6 km. This is just below the peak of the weighting function for
channel 3 (7 km), but still well below the peak for channel 4 (10.5 km). As the
cloud top moves into the energy source regions for these channels, emission by
the cloud is lower since the temperatures are lower at higher altitudes. Fur-
thermore, the transmittance from 6 km to the top of the atmosphere is less than
0.3 for both channels. Therefore, within the energy source region occupied by
the upper portion of the cloud, the extinction mechanisms dominate over the
mechanisms for the addition of energy, leading to slight decreases in the bright-
ness temperature.

The interpretation of the cloud position dependence illustrated by
Figures 15 through 20 is quite straightforward. Note that the lowest cloud base
examined is at 1 km where the brightness temperatures over land for channels 1
and 2 are 265.5° K and 255.2° K, respectively. These values are higher than
clear column values due to the fact that cloud emission exceeds extinction for
a 2 km thick cloud with a base at 1T km for liquid water contents greater than
0.01 gm cm'z (see Figures 30 through 33). The liquid water content for the 2 km

thick L-Model cloud is 0.23 gm cm 2.

Thus, as the cloud is moved higher in the
atmosphere, two changes take place. The emission by the cloud reduces due to
the decrease in the cloud temperature. Meanwhile, the lower boundary condition
increases because a greater portion of the energy source region for channels 1
and 2 is below the cloud base. This results in the increased energy reduction
within the cloud layer. The net result is that brightness temperatures for
channels 1 and 2 decrease as the cloud is moved higher up in the atmosphere.

Eventually, the cloud is raised high enough that nearly all of the energy source

regions for channels 1 and 2 are already below the cloud and cloud
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temperatures are sufficiently low that emission by the cloud is very
small. Then moving the cloud still higher reveals very little effect
so that brightness temperatures are nearly constant. The same discus-
sion applies overocean except that overocean even the 1 km cloud base
shows a reduction in brightness temperatures as compared with the clear

column values.

Channels 3, 4, 6 and 7 have weighting functions which peak
higher in the atmosphere, reducing the effects of surface emissivity. 1
Therefore, the effects of a 2 km thick cloud are basically the same
over ocean and land surfaces. For clouds well below the peak of the
weighting functions they show no effect on the brightness temperature.
This is because there is no significant energy source below the cloud
to be reduced by the é]oud extinction. Also, the transmittance from
the cloud top to the top of the atmosphere is sufficiently small that
emission by the cloud may be negligible. As the cloud moves into the

energy source region, an intricate trade-off of cloud emission and ex-

tinction takes place. For channels 3 and 4 this trade off holds the
brightness temperatures very nearly constant until the cloud is well
into the energy source regioh. For channels 6 and 7 a very slight

increase in the brightness temperatures is noted. This increase is

less than 0.2° K, however, which is below the noise level of the SSM/T.
Finally, as the cloud is moved above the peaks of the weighting func-
tions, brightness temperatures decrease, eventually becoming near

constant as for channels 1 and 2.
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SECTION 5

TEMPERATURE PROFILE RETRIEVAL EXERCISES

The main objective of the DMSP SSM/T microwave sounders has
been to derive accurate temperature profiles in all weather conditions
for operational use. The prime advantage of microwave temperature
sounders over infrared sounders is that the longer microwaves are
much less affected by clouds and precipitation. It seems therefore
important to investigate the effects of clouds and precipitation on
the temperature retrieval program. In this section, we first present
the hypothetical temperature inversion in precipitating atmospheres
using the brightness temperatures calculated from the microwave ra-
diative transfer program. The retrieval program adopted in this study
is the statistical method developed for the Air Force Global Weather
Central intended for operational use. Ve also report a number of
case studies using the real DMSP SSM/T data that we recently secured

for clear, cloudy and precipitating cases.

5.1 Temperature Profile Retrieval Using Simulated Brightness
Temperatures

The program that we use for temperature retrieval exercises

js based on the statistical method described by Rigone and Stogryn
(1977), The computer package for the statistical method was kindly
provided to us by the Air Force Global Weather Central.

In the statistical method, the surface emissivity effect is
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first removed so that the retrieval method could be applied to all

surface conditions. For the purpose of outlining the method, we

define
o, (z »)
T,(v) = [T(z) —dz , (5.1)
and
aT (0,z)
TA(V) = f T(Z) ————E———-dz ’ (5.2)

so that Eq. (2.9) can be rewritten as follows:

TB(v) estTv(O) [I-Td(v)/TS] + Ta(v) s (5.3)

where
Ta(v) = Tu(v) + Td(v) Tv(O) . (5.4)

In Eq. (5.3), the second term in the right-hand side denctes the con-
tribution to the upwelling brightness temperature caused by the atmos-
phere only, and the surface effects are contained in the first term.
Since channel 1 centered at 50.5 GHz has a weighting function peak at
the surface, it is utilizied in the context of removing the surface
contribution for other channels. Based on Eq. (5.3), we may define
the contribution to the brightness temperature caused by the atmosphere

only for channals 2-7 in the form

Ta(vj) = TB(Vj) - [TB(V]) = Ta(V])] a(Vj)s Jj=2,3,""",7 , (5-5)

where
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Tvi(ps)[]-Td(vi)/TsJ
V]TSTVFPS)[]-Td(v])/TS] ’ and a(\)]) -

i

a(\’i) T

In the statistical approach, it is generally assumed that
the derivation of the predicted parameter Ti from the climatological
mean ’I"‘. may be expressed as a linear combination of the deviation of
the measured data. Upon finding a lin2ar operator B which will yield
a minimum mean square deviation of the predicted temperature profile
?1. from the true temperature profile Ti in a statistical sense, the
predicted temperature profile may be obtained. The linear operator,
called the predictor matrix, may be expressed in terms of a covariance
matrix, which can be constructed experimentally by collecting coinci-
dences of radiances derived from remote sounders with temperature

values obtained from direct soundings. The measured data, in the

present case is ?a given by Eq. (5.5). Thus, we write

ZD” aJ aJ

ZD” Bj~ 1'Ta1)aj B Taj]

J.Z] Du Bj TB] XDU J §D1'j(Ta1 i a,]) (5.6)
where Ta denotes the mean measured value and we note that Ty, is not
defined in Eq. (5.5), and so the first terms contain j=2,:**,7. In

matrix notations, we find

x >z >
T=1D TB+R, (5.7)
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where i
-> _—_»_ ~ > > +_—: 13

R=T+ Ta] Da->D Ta s . E

> > > l

and the linear operator D' is a matrix whose first column is -D a and o
wrose remaining columns are the columns of 5. It is clear that the |
retrieval technique contains elements depending mainly on the atmos-

phere but not on the surface, and so it should be valid over land,

water, or mixed surface conditions. As pointed out previously, the

E and E may be determined from a large number of upper air soundings

for a wide range of meteorological conditions which have been achieved

over the years and the brightness temperatures calculated for a given

atmosphere.

Shown in Figure 34 is an exercise of temperature retrieval

using the statistical covariance method. The mid-latitude Spring/Fall
profile of a standard atmosphere (solid curve) is used and the observed
brightness temperatures used for the seven SSM/T channels are values
theoretically calculated. The exercise has been carried out for cases
over ocean and land. It is apparent that the procedure outlined above

has very successfully removed surface effects from the temperature re-

T —

trieval. Also shown are the temperature retrievals when a 2 km thick
precipitation layer with a base height set at 1 km, having various
rainfall rates, have been added to the atmosphere. It is seen that
the surface temperature suffers increased degradation as the rainfall .

rate increases. Based on these analyses, it seems that large errors

in the recovered temperature profile may be anticipated, even with ) i
microwave sounders, when the atmosphere within the satellite field-of-

view contains precipitation and heavy clouds.
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5.2 Temperature Profile Retrieval Using DMSP SSM/T Data

The statistical method for temperature retrieval described
in Section 5.1 was applied to a number of cases where SSM/T and radio-
sonde data were both available. Two days, 30 October 1979 and 23
November 1979, were chosen during which significant cloud and precipi-
tation events were present over the continental United States. The
cases selected are presented in Table 15 where the satelilite pass
times are the actual observation times of the SSM/T instrument. We
find that the scan times are generally between 0000 Zulu and 0600 Zulu
on these two days. Thus, the 0000 Zulu radiosonde observations were
deemed most representative and were used in the comparisons.

Figure 35 shows the retrieved temperature profiles for the
four clear cases; two on 30 October 1979 and two on 23 November 1979.
Except for the Greensboro case, the retrieved temperature profiles
when they are compared with nearby radiosonde data appear to be reason-
ably good in view of the statistical method used. The failure in the
retrieval for the Greensboro case seems largely due to the fluctuated
temperature profile that occurred in the atmosphere. Generally, we
found that the statistical method is working properly when the actual
profile is smooth and when no inversion is present.

The retrieved temperature profiles under cloudy conditions
are illustrated in Figure 36. Apparently, the temperature profile
retrieval program using the microwave frequencies in the 60 GHz oxygen
band is affected insignificantly by non-precipitating clouds. Com-
pared with the temperatures obtained from radiosondes, the retrieved
patterns involving clouds are similar to those under clear conditions.

Note that in each diagram, the percentage of cloud cover is depicted.
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Table 15. Selected cases.
f Station Satellite Latitude Longitude Case Type
Name Pass Time (°N) (°W)
Centerville 0346 2
Alabama (AL) 30 Oct 79 32.54 87.15 Clear
i Little Rock 0346 Z
Arkansas (AR) 30 Oct 79 34.44 92.14 Clear
: Greensboro 0251 Z
i North Carolina (NC) 23 Nov 79 36.03 79.57 Clear
Glasgow 0435 Z
Montana (MT) 23 Nov 79 48.13 106. 37 Clear
Bismark 0350 Z
North Dakota (ND) 30 Oct 79 46.46 100. 45 Cloudy
Medford 0531 Z
Oregon (OR) 30 Oct 79 42.22 122.52 Cloudy
Green Bay 0253 Z
Wisconsin (WI) 23 Nov 79 44,29 88.08 Cloudy
Monterrey 0429 7
Mexico (MEX) 23 Nov 79 25.52 100.12 Cloudy
Dodge City 0348 Z
Kansas (KS) 30 Oct 79 37.46 99.58 Precipitating
Omaha 0349 Z
Mebraska (NE) 30 0ct 79 41.22 96.01 Precipitating
Pittsburgh 0252 Z :
Pennsylvania (PA) 23 Nov 79 40.32 80.14 Precipitating I
Spokane 0435 2 i
Washington (WA) 23 Nov 79 47.38 117.32 Precipitating ;
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Figure 35. Comparisons of the retrieved temperature profiles

(dots) with the radiosonde data (solid Vines) for
the four clear cases.
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Generally, the retrieved and observed (radiosonde) temperatures in clear
and cloudy conditions are within about 5° K.

In the final figure (Figure 37) we show the retrieved tempera-
ture profiles under precipitating conditions. Again, four cases are
presented in this study. Two cases are selected from 30 October 1979;
both have a 5 mm/hr rainfall rate with 30% cloud cover in the field of
view of the SSM/T. In the other two cases, selected from 23 November
1979, both indicate a 1 mm/hr rainfall rate but with cloud covers vary-
ing from 50% to 80%. The most distinct feature in the retrieved tem-
perature profiles using the statistical covariance method for precipi-
tating cases is the significant and consistent deviation from the radio-
sonde data in the lower boundary layer where precipitation takes place.
In the moderate 5 mm/hr rainfall rate cases, the differences between
the retrieved and radiosonde temperature profiles near the surface are
as large as 10 - 15° K. It should be noted that precipitation in these
two cases cover only about 30% within the field of view of SSM/T. As
for the cases involving 1 mm/hr rainfall rate, about 5 - 10° K differ-
ences near the ground are observed. The findings for these precipita-
tion cases using the real SSM/T data are in general agreement with
those described previously in the hypothetical temperature retrieval
exercises. As shown in Figure 34 the surface temperatures suffer
increased degradation from 10° to 20° K as the rainfall rate
increases from 1 mm/hr to 20 mm/hr. These hypothetical analyses, of

course, assume that the cloud covers the entire field of view.
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SECTION 6

CONCLUSION

In this study, we have developed a microwave radiative
transfer program for cloudy atmospheres applicable to the DMSP
SSM/T channels. The transfer program takes into account the simulta-
neous effects of multiple scattering and absorption by hydrometeors
and absorption due to molecular oxygen and water vapor in the atmos-
phere.

Sensitivity analyses were carried out to investigate the
effects of the rainfall rate, cloud thickness, and cloud location on
the upwelling brightness temperature over land and ocean surfaces for
two atmospheric profiles. The effects of precipitation on SSM/T
channels 1 and 2 are shown to be significant depending on the cloud
liquid water content (or rainfall rate), thickness, and surface
emissivity. Over the land surface, increasing the cloud liquid water
content and thickness reduces the upwelling brightness temperature for
channels 1 and 2. For channels 3 and 4, unless high rainfall rates are
involved, the reduction in the brightness temperature is normally in-
significant. Over the ocean surface, however, the increase of the
liquid water content and thickness may increase or decrease the up-
welling brightness temperature relative to the clear column value.

A significant variation for the brightness temperature is shown for

channel 1. This conclusion is in general agreement with that 3

4
i
H
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described by Wilheit et al. (1977) using a simple scattering program
for a frequency of 37 GHz. Moreover, sensitivity analyses also reveal
the importance of the position of the cloud layer in the atmosphere
and the atmospheric temperature profile on the upwelling brightness
temperature values.

In addition, investigation of the effects of precipitation
on the temperature profile retrieval using both the theoretically
simulated values and real data was carried out utilizing the seven
SSM/T channels. The retrieval method édopted in this study is the

statistical method developed at the Air Force Global Weather Central

in which the surface effect is removed in the recovery program. The
hypothetical retrieval exercises show that the temperatures close

to the surface suffer increased degradation as the rainfall rate
increases. This finding is also supported by the analysis employ-

ing the real SSM/T data for a number of case studies in which tempera-
ture profiles fromradiosondes are available for comparison Further-
more, the latter study indicates that nonprecipitating clouds have an
insignificant affect on the microwave temperature retrieval with accuracy
generally on the same order as in clear conditions.

Although the current study employs only four precipitating
cases in the analysis and may not be conclusive in view of the limited
sample used, it appears that the effect of precipitation on the tem-
perature profile retrieval using microwave frequencies is substantial
and significant. Of course, the reliability of the statistical method
for the temperature profile retrieval in clear atmospheres should be

examined comprehensively and completely utilizing the data that are
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available in different localities and seasons. In addition, in order
to derive the temperature field over the global space, further studies
concerning the influence of precipitating clouds on the temperature

retrieval in the microwave region seem also warranted.
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APPENDIX
LISTING OF MICROWAVE TRANSFER PROGRAM

(T2 1T T2 ST ST D TSI T P PP P T LTI T T D S P T PT P T D LR T AT T T L
C MAIN PROGHAM
CHseB2000205838889 580030 utREREEE PSR REER SRS RREgERt SRS osERESS

PARAMETER NUMCHNZO6,NUMLVZ40sNG=16+ NMOSTENUMLVeLE
VIMENSION T(NMOST) ,W{NMOST) » TAUM(NMOST ¢ NUMCHN) ¢ TAUS (NMOST o NUMCHN) o
. EMLS (NUMCHN) ¢ TANT (NUMCHN)
COMMON ZANGLE/ UM(NG) A (NG) oPT
COMMUN /SFCEMS/ EM3S
COMMUIN/FREQ/FMU (NUMCHN)
COMMOIN/HANDU/ZH (NMOST ) U (NMOST ¢ NUMCHN)
COMMOW /TAUVAL/Z TAUM
COMMON/TANDW/ToW
COMMQI/PRES /P (NMQST)
COMMON/NEWLEV/ADDHT (10) o NUMNEW ¢ LVNUM
REAL#8 SFC(2)
DATA SFC/'LAND' » *WATER' /
DATA KTAULIKTAU2/*TAV(?,'GHZ) ¥/
CALL PROFIL
CALL TRANMW(TAUM,TAUS,0,.s1,NUMCHN:1/,1,)
WRITE(6+900) (KTAULIFMU( J )1 KTAUZ9J=1sNUMCHN)
00 20 IS1oLViNUM
WRITE(©9901) P(1)eT(1) oW (1) e (TAUM(ToJ) rJ=1 sNUMCHN)
20 CONTJNUE
REAU(5+903) (EMIS(1)s1=1,NUMCHN)
60 CALL ANTEMP (TAUM,TAUS»ToT(LVYNUM) sEMIS» TANT»LVNUM, 1 /NUMCHN)
WRITE(6+902) SFC(1)+EMIS,TANT
CALL BUFF(P,TeWeHIL)
YO0U FORMAT('1L P(MB) T(Ke) W(G/KGM)*12XoT(2XoA4IFS,20A%)0/)
901 FORMAT(2(2X,F6e1)¢2X¢E8,305Xs6(EL0,595X)+E10,5)
902 FORMAT(IHOWABY'yss EMISSIVITY  s4Xi6F15,3¢/+1H0,12X,
» YANTENWA TEMP,?,1X,TF15.3)
903 FORMAT ¢ )
sToP
eND

SUBRQUTINE PROFIL
CHstasitsnstttnsgesntasss Rt tgeat gt st Rglgisss Rt d st g SRRt ERRgReRResD
€ THIS SHBROUTINE IS TO KEAD OWSERVED PROFILES (TEMPERATURE K, MIXING
C RATIO 6/xGe PRESSURE Muy AND HEIGHT KM3 OF ATMOSPHERE, AND
¢ lNTEKSOLATE THE PROFILLS TO THE DESIRED PRESSURE LEVELS (40 STANDARD
C LEVELS),

C THE LEVELS CAM BE ADUEL UP TO 10 LEVELS OF YOUR CHOICE,
[ 1L L LI L TY PP LY PR PR T PRI P PL I PL FE T L T P LT T PPY PR T T TP e re=ry

PARAMETER NUMLV=40, NMOST=NUMLV+10
OIMENSION T (NMOST ) ,W(NMOST) »H(NMOST) + OBPR{40)
s v0BH(40)10BTEMP (40) 1OBW(40)
COMMON/PRES/P (NMOST )
COMMON/HANDU/H U
COMMON/TANDW/Tew
CUMMON/NEWLEV/ADDHT (10) o NUMNEW o LYNUM
200 FORMAT ( )
2010 FURMAT(L1X'NLVOBS T( HIGH, MAX VALUE EQUALS 40,1)

iy A L TR et o EA
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ce

203
204

301
302

REAL (50200) muVOBS

IF (W O=NLYUBS) 202,203,203
PRINT 201

RETURIN O

IF (NLVOBS) 10901050204
N=NLVOBS

READ (59200) (UBTEMP (1) ,I1aNels=L)
REAU(S5+»200) (ObW(1)»I=Ns1e~1)
READ(5+,200) (VBPR{L) e12Nedr=1)
READ(5+200) (OBH(I) 1 13NsLle=1)
wRITE(60301) OBTEMYV
WwrRITE(60301) Obw

wrlTE(60301) OBPR
wRITE(69301) OBM
FURMAT(10F8,9)

FORMAT (1as *"PROFIL USED CLIMO DATA (MID LAT SPRING/FALL) ABOVe '»

s F,25' Mg*)

10

9

906

99

100
101

105

110

175

e06
210

Ks1

DO 100 [=1,NUMLY

IF (OBPR(K),2@.0,0) 60 TO 100
IF (QBPR(R) ,£G.P(1)) 60 TO 90
IF (OBPR(N) ,LT.P{I)) 60 TO 10}
IF (UBPR(R),L.T.P(])) 60 TO 89
IF (K.EW,1) 60 TO 100
DELT=ZOBTEMP (K ) =0uTLMP (K=1)
Dtk::o&%(h)-ugttk-L)PR 1
DLNP=ALOG (0BPR (K ) ZUBPR (K=1)
T(I)UELT/7DLNPSALOG (P (1) 7OBPR (K=1) ) +OBTEMP (K=1)
W(1)SUELW/DLIPSALOG(P (1) /0BPR(K=1))+0BW(K~1)
CALL HINTRP (OBPR(K) ¢+ UBPR(K=1) P (1) 00BH(K) ¢ OBH (K=1) sH(I))
60 To 100

KSK+l

IF (K.EQ.2) PRINT 302,P(I)

60 To 10

T(1)=0BTEMP (W)

W{l)=0Bw(K)

r{1)=08H{K)

KaKkel

CONTINUE

CONT INVE

READ(5+200) NUMNEW

NEWSNUMNEW

LYNUMSNUML YV oNUMNE W

IF (NUMNEW,EG.0) 60 To 210
READ (57200) (ADDHT (1) e 131+ NEW)
NTOPzINUML V

K=l

DO 206 I=NUMLVelp=}

IF(HET) oLELAUDHT(K)) GO TO 206
Jvsleld

VO 175 L=NTOPiv,=}

PiLe+d)sP(L)

TlLe1)2T (L)

wikel)an(L)

Hikeg)zH (L)

CONT INVE

NTOP=NTOP+1

HiJ)=ADDHT (K)

CALL NEWLVL (J)

K3Ked

IF(K,GT«NUMNES) 60 TO 210

60 T0 110

CONT INUE

CONTINVE

RETURN

END

[P -




Casna
C Inl
C uF

C »sss»

10

2V

21
23

SUBROUTINE nINTRP(SPTOPSPBOT »SPP+S2ZTUP»52R0T»S22)
BOIBSAERSPISIRARININ SIS FROBAREEEE SIS RIERRIRSRERAAENURE ISP p R ®
S SUrhOUTINE IS TO lieTeRPGLATE THE OUERVED. HEIGHTS To THE HEIGWTS
ULSTIk PRESSUKE LAYerS.

LRI T PE IS Y P PR P A L P e TN T S L P PR i e 2 12 2L PY Y )

IMPLICIT UOURLE PrECISIVI (A=t1e0=2)

DATA TUL/1eU=a/KALKM/6.37022N03/N/711/7

Ko AL SPTUPsSPUOTISPRISZTOP15721-0T74822

LIiMEI.SIO ZMATRA(SGe50) o (SU) e ZMAT(25U0) +COLF (S0)
CIMENSIUn AKRAY(12)/71.00=10)e25D=08 4D"101.8D"1¢1,55N=1,
2 1e7mie1.550=1s1.4TU=1e1.42'=101.320~101.210-101,3150~1/
IENTERS]

ZB0TZDHLE (ScKOT)

ZTOFZDRLEISLTOP)

PHOTZNRLE (SPHOT)

PI1OPZHLE (SPTUP)

FPZDBLE (5FP)

ZTST=72830T

IF(2TIST 6T 2TOP) LTSTSZTob

IF (1. 000.LELZTST) GU TO 2

CUNSZ (SZ2TOP=SZRUT) /ul.06(SPTUF/SPROT)
S22z4LOG(SPP/SPROT ) #CONS+SZNHCT

60 Tu 99

KRS (PTOP=PBOT)/Z(1.C0/ (2TOP+RALKM) =3 .U/ (ZHOT+RADKM))
KNUMZ 1 s DU=RADKME (HP=FROT ) /RK=K ALUKM/ (ZnOT +RAUKW)

ROEKZ (PP=PHUT ) /KK+1 . D0/ 7ROT+RAUKNM)

1F CIENTERLEW. 1) SZZE5HNGL (RNUM/RULEN)

IF(zT5T=1.,0U)99¢5¢5

LvLAZ)

2TS120R8LE(SL2)

IF(2T153T 40T e 00U ) LVLASLVLA+]L i
IF(Z2197.6T.4.750L1) LVLAS{VLA+)
IF(21ST.6T«4.2501) LVLASLVLA®]L
IF(eTSTauTe3.750101) LVLASL V0LA+L
IF(21STe0Te3.25L1) LVLASLVLA+]
TP LZ21ST.G6Te2,4503) LVULASLVLA+]L
LF(21ST46Te2015L1) LVLASI VLA®]
IF{Z215Te0T61.6501) CLVLASLVLA*]
IF(ZTSTeuTelea501) LVLASLVLA+L
IF(215T.6Te1.2501) LVLASLVLA+L
IF(ZT1ST.uT.6.590U) LVLASLVLA+]L
IF(Z15T.6T.U.000) LVLASLVLA+]
ASAxiHAY (LVLA)
ZINCS(ZTUP=2ZROUT)/FLUAT(N=1)

0O 10 131N 3
ZMATRX(I.3)2),

CUNTINUE

DU 2u I=1.N

ZMATRX(192)=1./(200T+FLOAT(1=1)2ZINC)

UG 15 J=3N

ZMATHA (T o JIS/MATRA( Lo J=118ZMATRX (10 2)

CuNT 1:UE

243« /2ZMATRA(T 0 2)

bhAUSZ2+RADKM

FUL)ZNEXP (=A322) / (GRADSGRAD)

COEF(I)2F (1)

CONTANUE

rZL

o 23 1z1sN

LU 21 v=1eN

K=Kk+]

EMAL (K)SZMATRX(Ued) [
CONT INUE

CUN I 1NUE

Cale SINMUIZMAToCOLF o eKS)

SUMRUTSCVEF (1) 8 ZALT+COEF (2) sDLOG(7B80T)

SUMIUPZCOEF (1) TUP+LOEF (2) #LOG(2TOF)

POTS1./72107

TuPzy ,/2T0P

81




60

6]

62

65

66

TV

6vY

s
L°])

97

Q9

LU nu JS3N

CUEF 1J)S=(0cF (J)/FLOUAT (U=2)
SUMHUTISUMBUT+CGEF (U) sROY
3L1=801/2101
SUN.TOPSSULTUP+CUEF (U) s TOR
T1GP=10F/2TOV

COUNT INUE

AINTZSUN TOP-SUMRLT

RAS LPFROT=PTUF) ZATI.T

@l TG (nle9p)» IENTER

COUNSES (PrUT=PP) ZRK+S1INROT
FhaCONSeSUMHOT
FTISLONS=s5UMTUP
ZMERS(ZROT+2T0F) /2.
IF(anS2TOP=2B0T ) =TUL) 95,9565
SUME AIECOEF (1) sZMLAW+COEF (2) sLILOG (ZMEAN)
BANS} o /2ME AN

N0 66 Jz3sN

SUME ANSSURE ANYCOEF (U) 2EAN
EAN=t A/ ZME alv

CUNT INUE

FREANSCUNS=SUMEAN

IF (FBEsFMELAN)I 7G99 80
Z2TOPzZME Al

F1SrWE Al

G 10 we

2801 =7ME ab

FBarnvEAN

oL 10 a2

SZ2=SNGL L ZME ARY

LE3WnLE 15622)

SUMTUPSCUEF (1)922+COEF (2)#DLUGI22)
EZ2221./2¢

DL 97 JI3eN
SLURTUPSSUNMTOP+CUEF (L) eEZ7
EZ222e22/2¢

CUNT INUE

AINTSSUMTOP=SUMKOT
PHa=kKk24 ] T+PHOT

SHP2S6L (FP)

Lt Ju 99

EisThY PINTRE(SPTOH 1 SFROTsSPPeS2TOP»SLR0TS22)
T NIr k=2

oy To )
CONT {1NUE
ke Tunn
EnD
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1

t4Y

3u

40

S0

w0

70

QU

you

SUBROUTINE SIMQ (AeBeNekS)

(A2 I IR I YRR TN SN T S Y Y R IV Y Y Y PR R Y P YIS P PP I IR 2 2P Y TV L)

UBTAINS SOLUTION UF A SET OF SIMULTANEOUS LINEAR EQUATIONS ...
A = MATRIX OF COEFFICIENTS STORED COLUMNWISF, THESE ARE

DESTRUYED L1i THE COMPUTATIONS, THE SIZE OF MATRIX *Are
IS N X N. .

B8 = VECTOR OF ORIGINAL CONSTANTS (LENGTH N) WHICH IS RFPLACFD
HY FINAL SULUTION VALUES: VECTOR X.

N = NO. UF EQUATIUNS aND VARIARLES.

KS = OQUTPUT DIGI1Y
0 FOKk WORMAL SOLUTION
1 FOR u SINGULAR SET OF EQUATIONS

(IS LI E IR 2 TS E RS2 RS R RS 22 RS SRR S22 R 22 1242732232222 3 f 2223223

LOUBLE PRECISION AeteBI6GaeTOLeSAVE
UIMENSION A(1)eR (1)
TOL=U 000

hSsu

JUS=n

LU By J=1N

JYZSu+l

VuSJdeNe ]

Bl6az0.000

1T12uu=uy

LU 20 1=ueN

IuaiT+}

IF (LABS(BloA)Y=DAGSIA(IJI)) 10020020
HleuzA(dJ)

ImMAXSI

CONT s NUE

IF (DAHS(RIGA)I=TOL) 30,30e4u
KS=1

RETURN

T112ueNx(U=2)

IS IMAK=y

DU S0 K=JeN

11211 40N

12211417

SAVEZA(1L)

ALI1)=A(12)

A{l2)=SAVE
ALI))ZA(IL)/ARIGA
SAVESH(IMAX)
HUIMAX)SH(J)
(J)SSAVE/BIGA

IF (U=N) 60,9060
laSaSne (J=1)

U0 60 IXSJYeN
I1XJE1QS+IX

ITau=1X

00 7Tu JXSJYeN
IxJasSH®({JUX=1)+]1X
SUXSIXJX*1T
ACTAUX)IZALTADO)=(ALLIXJS)SA(JIX))
HUIMSBIIX)I=(R{J)sA(LIXJ))
NYSive)

iTSNeN

OU 100 w=1eNY

IASITay

I182w=J

ICan

DO 1U0 KZ1ew
BUIBISR(IH)I=A(IA)»B(IC)
Iazla=N

1¢2iC=]

RETUKN

(XMW




SURHUUT InE B wl VL (K]

PaRamFETER LEVZUUr InTZhe WMOSTYSLEV+LU

CUMMUNZPRES/PRE (NMOST)

CUMMUR/HAKDUZALT (LMUST Y » 13 INMOST)

COMMOUL/TANDwZ TEMP {NMOST) o H20 (NMOST)

SHTUPSPKRE (Ke1)

SHRLIZPRE (K=1)

SZTurzALT(K+1)

SZRVIZALT (K=1)

92Z=ul.T(K)

TeS1282ZRuT

W (TeSTuT.52TOP) TEST=S7TOP

IFOIeSTeorel) 60 10 10

RHOGLS (SHTOP=SPRUT )/ (SZTOP=52A0T)

PRE (R ISSPHOT+1HUOG2 (S42=57H0T)

[CIVENTVER D
10 Call PINTRP{SPTUP+SPEOTePRELR) ¢S2ZTOP,S2HOT»527)
11 SHPaFRE(n)

TEMPIR)Z (TEMP (K41 )=TEMP (k=1))=ALOG (SPP/SPBOT ) /ALOR (SPTOP/SPBOT)

s +TEMPI(K=])

HeO KIS (H?20 (K4 11420 (K=11 ) *ALOG ({SPP/SPROT ) ZALOG (SPTUP/SPBOT)

& *HeU(K=]1)

HETURIV

EnD

SURRCUT It TRANMWIT AW TAWSGeZ o NUL ¢ NUZ ¢ KQUNT ¢ UMD)
CORSBB4B SRR 9434 ARAPARARNERRAREERIRERERRRARRRBRARRERREFIENERXARREERRAR S
C CUMPUTE TRANSMISSIVITIES TO THE TOP OF THE ATMOSPHERE FRO™ EACH LFVEL
C UF Trk MROFILE FOR EACH CHANNEL (ANTENNA GAIN CHARACTERISTICS INCLUDED)
CHR82002 502808508 R SRR ALRRERREEEERNRAREERERAEFEXEREAREEERER XX R SIS R4 RS

Parume TER NUMCHNSG 2 ivUMLVZ40 e NGS16e NMOSTSNUMLV+L0

HOUbLE PRECLISION 1AL TAX.TOW»T1T2

COMMONZ IPUT 7L T (MOST ) o TEMP (NS T Y o BRE (NMOST Y » H20 {NMOST)Y o
s THRNS(Y) o NTHICK s KHASE s TRNINMOST o NUMCHINY ¢ NaLEV (10)

COMmuls /5TUKALZ ALFw

CuMMGEH /TANDMWY/ Toew

CUMMUNZHATIDU/ZH INMLST ) o U (iMOST o NUMCHI)
CUMMGIZIVEWLEV ZADD T (10) o NUMNE Li o L VNUM

GIMEWSION TUIWKOST ) o w INMOST) o ALFA (NMOST ¢ IWUMCHIN) » TAW (HMOS Ty NUMCHN ) »
. TALSOQ (N-CST o NUMCHIN) # GRUM (NUMCHN )

DIMERSTIOI DUST120) e 1UNTL2T7) 0SAL127)052(127)eG (1279 NUMCHN)
COMBULZORINZGANT L2427 0 NUMCHN)

CUMMUI/RESYZ P LLMUST )

LEVISLVIVUIM

NFSLML Y

ZLAST =994,

DIRZ, 111768538

NANG=127

15wzl

CRHZ) , 17268

84
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1

1v

12
2u

3

lue
101

102
53

S&
103

106

IF(1Sw) 10010}
LINISNANG/2

MisSn T

MESNINT )

CAZl,

ASU.

00 2 131ebiIT

ASA+]l,

ChaLusStasTk)

CSCu=CH

LS. He0C

VLS (1+Mid) =00
LULS(MM=T)ZDD

Ch=CB

DU 7 KRSNUleNU2

DU 3 ISnke127
GIIonK)IZUANT (1 ohK) 2LANT (] 1KK)
N0 4 1=1463
GEIonK)IZG(12K=]1¢KK)
1"

G12SGL1eKR)

Ho & 1220127

G220l Isnn)
GSZ65+(61462)DCS(I-1)
Gi1z62

6SUM (KK ) Z6S

CUNT INUE
SMAXZASINIL./CRH)/DIR
15w=0

IF(Z.FQ.ZLAST) 60 Tu 20
DO 12 K=10127

DOSFLOAT (K=MmM)
SAIK)IZARS(Z+0I)

S2(n)31.

LF(SatR) .GT.SMAR) GO TO 12
L=CHHsSINIDTRaSA(R) )
CUSASIN(A)
SZ(n)=1,/CO0510U)

CONT INUE

ZLASTI=2

IF(2.,LE.ROUNT) GO Tu 30
Caull RASEU(LVIWUM)

UL 120 J=NULl.iU2
TAUnL=0.

Uu 110 IS1.LEV1
BLSUCT vu) 7UMD

IF() 10301010106
Tauzl.,

oL TU 1063
IF(UUL.GT.eB9E1) GL TU 53
6L Tu o6

LUS.9NEL1+TAUNL
TAUWUSTAUNUS, 2
TLUSE XP (=)

LU 104 KZ=103127

TAXZTAV
IF(SA(K)GT.SMAX) GU TO 104
IFr(Tak.LT,.0008) CO TO 304
IF(T4XesTes9999) 00 TO 10k
IF(S¢(K)EQele) GU TU 1UG
TaXSTAXS2SZ (K)
TOWIK)I=TAX

GSSUu.

Gl36(1ed)

T12Tuwil)
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Uu 106 KR20127
G2 lKrJ)
Te2=Tuwiing
IF(SL(R).GT.SMAX) GU TO 10S
605365+1612T14622T2)sDCS(K=1)
109 61567
100 T1=TZ
TAWL]eJ)S6S/6S5UMIU)
TAUZSTAwW( I ed)
TaWRz .Hx(TAUL+TAU2)
Tawsa(lsJ)=TaWRsTAWY
TaU1=TAUR
110 CONTINUE
120 CONTINUE
RETUKRN
END

SUERCZUTING FASEUCLEVLD)

FARAMITER NUMCHN=S5,HUMLV=40, NMOST=NUMLV+10

DIMEMSION KERNEL (NMOST,NUMCHN) »GAMT (NMOST) » RHOW(NMOST)
REAL RERNEL

COMMON /FREQ/FRGHZ (NUMCHN)
COMMON/HANDU/H(NMOST) s UCNMOST » NUMCHN)

COMMON/FRES/F (NMOST)

COMMON/TANDW/TINMOST) »W(NMOST)
COMMON/TRNSMT /TRANS (HMOST » NUMCHN)
COMMON/INFUT/ALT (NMOST) » TEMF (NMOST) s PRE(NMOST ) » H20(NMOST) »
¥ THENS () s NTHICK,NBASE» TRNCNMOST » NUMCHN) s NEWLEV(10)

REAL NEASE

DATA REUBV/4,415E6/RSURTI/Z2.87E6/ .

FRESSURE (MK)

TEMFERATURE (DEG K.)

MIXING RATIO (GM/KGM)

HEIGHKT (KM}

FHOW = WATER VAFOR DENSITY (GM/M2%3)

NERNEL = WEIGHTING FUNCTION (TRANSMITTANCE/KM)
GAMT = ATTENUATION IN LAYER I TO I+1i (DE/KM)
FRGHZ = CHANNEL FREQUENCIES IN GHZ

TE—=7"
e n

OO0 DO

FRINT 16+ (FRGHZ(I)»1=1,)NUMCHN) @ ECHO CHECK
FRINT 17,LEV1yF(LEV1),F (L) 2 ECHO CHECK
C
CREXFXEKERAEKERI KKK KRR KRR KRR R KRR KRR R R KRR RARRR KX
C COMFUTE WATER VAFOR DENSITY (KHOW) FROM PRES,»TEMP AND MIXING RATIO.
CHNEEARRKREEKAKR KRR KRR KRN KRR R KRR RN R R R R KRR RRK K
[0 30 I=frLEVY
RSUBM= (3, /(1. #N(I)X1,E-3))X(W(I)X1 ,E-IXRSURVIRSURD)

PCOS=F(1)%1.E3 @ DYNES/CMx%2

KEHOM=FCGS/ (RSUEMXT (1)) @ MOIST AIR DENSITY (GM/CMX%3)

RHOW(I) =RHOMMW(I)X1 ., E-3/(1,4+W(1)%1,E-3) @ H20 VAFOR DENSITY (GM/CHMXX3)
RHOW(I)=RHOW(I)X1.Eé @ H20 VAFOR DENSITY (GM/NXXJ)

30 CONTINUE
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C
CRXIHRIKERKK KRR KRR KRR KRR R R R RN KRR KRR KRR F KRR KR K KRR E ALK
C COMPUTE ATTENUATION COEFFICIENTS

CRRRRKERAREEAKE KRR IR RERKE KRR KRR AR KRR R AR KRR KRR KRR K%
FRINT 18

DO 35 I=LEV1iel,~-1
35 PRINT 19+F(I)»H(I) e TC(I),RHOW(I)

NUMLAY=LEVI-1 @ NUMRER OF LAYERS IN VERTICAL PROFILE
U0 S00 J=1,NUMCHN

:‘3-8 @ TRANSMITTANCE AT EARTHS SURFACE.

=V .

DO 215 I=2,LEV1
TRANS(I-1+J)=E
UtI-1,3)=A
PTORR=F(I1)%760.,/1013.25 @ CONVERT FRESSURE TO TORR (MM HG)
GAM1=GAMD2(FRGHZ(J)»T(I1)»PTORR) @ ATTENU, AT PTORR»T(1) BY 02 (DE/KM)
GAM2=GAMH2O(FRGHZ(J)+»T(I)yPTORRIRHOW(I)) @ ATTENU, AT PTORRsT(I),RHO(I)
GAMT(I)=GAM1+GAM2 @ TOTAL ATTENUATION BETWEEN LEVEL I AND I+1 (DB/KM)

C FOR GROUND UFP USE DH=H(I+1)-H(I)

C FOR TOF DOWN USE DHsH(I)-H(I+1)
DH=H(T-1)-H(I) @ THICKNESS OF LAYER (KM)
IF(H(I-1) JEG. H(I)) DH=H(I-1)-H(I+1) @FOR FRICIFITATING CASE

(B33 32 P22t d et ei it ss et its st eetsssiseissitititisssesssy

LET ADB=GAMT (1)XLH (FLUX ATTENUATION IN DE)

BUT DB=10LOG10(I(1)/I(2)) WHERE T(1).6T.1(2)

THEREFOR ADB=GAMT (1)XDH=10L0G10(I(1)>/1(2))

ADR/10=L0G10(I(1)/I(2))» OR 10x¥(ADR/10)=T(1)/1I(D)
(ADB/LQILNCIOISLN(TICL)/I¢2))y OF (LNC1G)/710)%ADEB=LN(I(1)/1(2))

S0 230259 XGAMT (1) RDH=LN(TI (1) /T(2))=~LNCI(2)/T(1)) =64

SINCE TRANSMITTANMNCE. TNU2=1(2)/1(1)

THCREFOR (. Z30259)XGAMT(1)xDH=-LN(TNU2)=As AND EXF(-A)=TNU2

SIMILARLY FOR LEVEL 3, ADB=GAMT(2)%DR
AND (. 230259)%GAMT () XDH=-LN(I(3)/1(2))
AND ((2TO0ZTCHYXGAMT (D) xDHEA=A YIELDS
SLNCTCI) /T2y =LNCT(2)Y/TC1) ) ==LN(I(3)/1(1))=A
THEN -A=LN(I(3)/1¢(1))=LN(TNU3), THUS EXF(-A)=TNU3

c
C
c
C
c
o
C
c
C
C
c
[
c
c
c
C SINILARLY FOR ANY LEVEL N» EXF(-A)=TNUN
(e 2223022508338ttt s et i et sssssssattdstssssestszs s,
A=A+ . 2T025KGAMT(IYXDH @ -LN(TNUN)
WATEN=(B-EXF(-A))/0H @ (DELTA TNU)Y/(DELTA HT)
FERNEL(Is J)=WATEN @ WEIGHTING FUNCTION
E=EXF (-8) @ TRANSMITTANCE AT LOWER LVL OF NXT LAYER.
215 CONTINUE
TRANE(LEVI»J) =k
U{LEVL, ) =A
500 CONTINUE
1000 CONTINUE
16 FORMAT(3HO, "CHANNEL FREQS(GHZ) ‘s (10F7.2,2X0))
17 FORMAT(1HO,» "FROFILE CONTAINS ‘+I3¢‘ LEVELS FROM “»F?7.2,'MB TO’»
X F7.2¢v'ME")
18 FORMAT(1HO» "ECHO CHECN’»T15, 'PRES(ME) " » T35, "HEIGHT(KM) *» TS5,
% ‘TEMP(DEG K)‘»T75» 'H20 VAFOR DENSITY(GM/MXX3)’y/)
19 FORMAT(IXsT1SsFB.3+T359F 7.3+ TS5 1F6.29T75+,E9.4)
RETURN
END




FUNCTION GAMUZ(FREW T P)

[« TR EITI T PE RIS FTL PP PP DL IS FL PR DL P T FPT P I 10 P Y T Y 1]
C COMPUTES UXYGEN ATTENUATION USING MEEKS AND LILLEY PARAMETERS

(S TIIT I I FTII YR TTY RS TT P T ATTTY PUTY IS PSP P PSP P 2 12 T 1 1t

(4
C FREQ S FREQUENCY (GHZ)

FREQUENCY (HZ)

= TEMPERATURE (DEGRLES KELVIN)

PRESSURE (TORR)
REAL NV

REAL NUPL (45) yNUMI (45)
IF(]11.£G,10396) GO TO 2

C OXYGEN AGSORPTION LINES

<

NUPL (1)=56,2648E9
NUPL (3)=58,4466E9
NUPL (5)=59,5910€9
NUPL (7)200,4308E9
NUPL (9)z01,1506E9
NUPL(11)=61,b002E9
NUPL (13)1562,4112E9
NUPL (15)262,9980£9
NUPL (17)=63,5685€9
NUPL(19)=64,1272E9
WUPL (21) =64k ,0779E9
NUPL (231265 ,2240E9
NUPL (25)=65,7626E9
NUPL (27 ) =66 ,2978£9
NUPL. (29)=66,8313E9
NUPL (31)=67,3627€9
NUPL (33)=67,8923£9
NUPL (35) =68 ,4205€9
NUPL (37)=08,9478E9
NUPL (39) =69 ,4741E9
NUPL (41)=70,0000t9
NUPL (43) =70 ,524%4£9
WUPL (45)=71,0497E9
NUM] (1)=118,750569
NUM] (3)=62,4863E9
NUM] (5)500,3061€9
NUM] (7)=59, 1642E9
NUM] (9) =50, 32 39€9
WUM] (11)=57,0125¢9
WUM] (13) =256 ,9682E9
WUM] (15)=56,3634E9
NUM] (17)=55,7839e9
WUMJ (19)=55,2214E9
NUM] (21)=54,6728E9
NUMZ (23)=54,1294E9
NUM] (25)253,5960£9
NUM] (27)=53,0695E9
NUM] (29)=52,5458€9
NUME (31)=252,0299E9
NUML (33)=51,5091¢9
NUM] (35)250.9949E9
NUM] (37)=50,4830E9
NUMT (39)=49,9730€9
WUML (41)=49,4048L9
NUM] (43)z48,9582¢9
NUM] (45) =48 , 45309
PM=267,41
11210396

2 CONT]INUE

NUzl,E9*FREQ
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c
C
c

C
c
c

COMPUTE LINEwIDTH

v=.25

IF(P,LT.PM) 0=.25%(1.+(ALOG(PM/P)) /1,323)

IF(P LT+ (18,957)) o275

UNUL =1.,95c+08P  #(0,2140,78%8)¢(300,/T  )e»,85
YUivU12=DNul»s2

GAMOZ = ATTENUATION COEFFICIENT (DB/KM)

SUMz(,0

DO 1103 w=1,45,2

FN=ZN

SUMzSUM

14001,/ CIONUPL(N) =NU) #%24DNV12)

2414/ ((NUPL(N) + NU)e®2 & DNU12))

s (FNa(2.,0%FN + 3,0)/(FN + 1,0})

4o {l,/CINUMI(N) = Nu)*s2 + DNUL2)

S+els /((NUMI(iv) + NU)*s2 ¢ DNUL2))
68(Fiv + 1,0)%(2.08Fn = 1,0)/FN
T+le/ (NUSa2 & DNUL2)
882,05 (FNa#2 + FN +1,0) =(2,09FN 41,0)/(FN®22 + FN))
9EXF (=2, 0084 2FNs (Frv+1,0)/T)

1103 CONTINUE

GAMU2 =2.6742E=9%p/Tsa3sNUns28SUMsDNUL
RETURN

£No

FUNCTION GAMHPO(FiEws ToPTORRIRHO)

Nt 2 FREGUELCY (h2)

1 = TEMFERATURE (DEGKEES KELVIN)

rTUuR= PRESSURE (TORR)

HHO = WAYTER VAPUR DENSITY (G/M3)

OAMH2U = ATTENUATION COEFFICIENT (DB/KM)

[sEaNaNaNalaNs)

KEAL NUsNUN

DATA HUN/22.235E9/

PZPTURK

IF(FKEW,6T«60.) GO TO 300
CORRBARIERREAREIRANRREIAREREES AR RIR RS AR R EABS RSP ERARRARRSERR R QS
C COMPUTES wATER VAPOK ATTENUATION USING BARRETT AND CHUNG FORMULA,
CRARBAIBAIARASENRARAARRAARO ARV ERRNN RS NERARSASRRR NI REREREF AR NRP R

C
C BARRETT 4L CHUNG LINLWILTH,
C
DhUgS  (2.62E498P/TnUe )/ (T/318e)02,025¢(1.0¢,012 sRHO2T/P)
c
C COMPUTE WwATER VAPOR ATTeMUATION COEFFICIEnT GAMH20,
C

WuSkFrEGel E9

OAMNZO S0 .56E=2385,35E168RH0 sNUS22/Te21,5

18 (EAR (=p4l,/T) /T (DNU2/((NU = NUN)*22 ¢ DNU2es2)

2 4 UNIZZEINU + NUN)A%2 + DNU2x22)) + 7,23RE=24sDNU2)
RETUKRN
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MICROCOPY RESOLUTION TEST CHART




c
30 CONY INUE
Co8838833080820 8852433485088 00SRESRSRESLSAREESSESERPRRBELRERIERS NSRS
€ COMPUTES WATER VAPOR ABSORPTION FROM GAUT LINE MODEL FOR 183 GHZ
C LIhE
COBRI323 0424 RBS RSB LS ELSBIEBIRNBBES SRR IR EXCSCESB NN BESEVERSR SRS LV LY
PrAZ1014.25/700.#FTURR
Chll ALPHAS(FREGWeFMKRe ToRHUIRES+RESNON}
GAMRZOSKES+RESNON
KETUKN
EnOD .

SUBRVUTINE ALPHAS (FREGe/PsTs» KHORARIKRESRESNON)
(S I3 T TITS L Ey vt T A Y T L I T R Py s 2 P R e T P 2 2T P TPy 7
C CUMPUTES ATTENUATION FRuM 183 GHZ WATER VAPOR LINE PLUS
C IONRESONANT BACKGROUND
€ URIGINAL PRUGRAM HY N. 6GAUT
CRaR8883 2003020022008 00 200 RSRSRRRRLRARERENLRABARRSSRURAEENIENREREE SRS

FREQUENCY (612)
FRESSURE (MILL1BaRS)
TEMPERATURE. (DLGWEES KELVINW)

'REU

LI U 1]

NOONN
-t T

SURTF (X)SSORT (X) E
EXPFIX)IeXP(X)

CONv=1000, ;
FUu952323.758 . :
Fleus183.310 {
VELUSGE(3.561810.,28(=T7)8FREG) 24287 /18.0

URUUY3Z2. 798 (P/1013.25)8(300./T)22(0.019)2(1,+40,0066*RHORAR)

DRUOYISSURTH LLELDSG+LNUDQA®»2)

LLUNCWE ], 0426 ,2002RHORARS (T/300,.)s%x(0.1)

LHUWVRZSWRTF (iIINUWVR a2 2+0ELDSQ)

UNUNWEUob* U U198 2(300./T)»»0.62

ODRULWISURTF (DUkwe 2 24DELNSA)

ONULOUZZ . 0B%(F/1013.25)8(300./T)¢2(0.70)2(1.+0,0064=RHOBAR)

DNUI AUSSARTE (ONULG4es24DELDSQ)

S1S1./7((FI1O4=FREQ)$224DNILI16LG222)¢1./ ((F16UL4FREQ)n824DNULIGLES2)
$221./71IF093=FREQ)#22+4DNJ09I%22)+1 ./ L {IFO9I+FREQ) ##2+¢DNU0G 3282}
CAM1I20.97HSRHORARSFREG8>/ T8 (2,5) sEXPF («197,3/T)eDNUL64SE

GAMZZ U AU RHUBAKAFRL 022 /T3 (2,5)SEXPF (=454, /T ) sONUD93sS?

GAMIZ? s H5aFHE wes2/F10une 3% (UNUWVR4DNUNI ) (300, /T)2*{1,5)/71000.*RHO

1HARSG . 1058 T20,760/1013.25 )
RESS0AM]IsCONV

RESNUNS (GAMZ +GAMI ) SCONY

RE TUKN

EnD .
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SURKOUTINE ANTEMP(TaULsTALSQe T TSFCoEMIS,TA» ISFCeNULNU2)
CH283538883 4882883358808 38880REELRRESEREARERNERNSEEERES SRS Ea ke
€ CALCULATE CLEAR COLUMIi HRIGHTNESS VALUES FOR EACH CHANNEL (ANTENNA
€ TEMPEKATURES) .
CoRRBA3403442RARSS 5088283582258 5B AR SUREREEE LS EESAEI TSN SEREIBS2 000

PARAMETER NUNMCHNSZH»WUMLVZG0s» NMOSTENUMLV410
OLMENSION TAU(NMOST s NUMCHN) ¢ TAUSQ (NMUST ¢ NUMCHN) » T (NMOST) ¢
. EMLS (NUMCHN) » Ta (NUMCHN)
DIMERSION TAUL (NUMCHND » TAUZ (NUMCHN) o+ F (NUMCHN)
81=1(1)
UG 3 JSNUL#NL2
TAUS=TAU(ISFCaJ)
REFLZY s=EMIS ()
FLJIZTAUSTAUSSRERL
TaUL (J)ZTAU(L o J)}
3 Taluiso.
DU 5 122,1SFC
B2=7(1)
DU & JSNUIPNU2
TaU2(J)STAULL . U)
TA(UISTA(UI+0.58 (E1+52) # (TAUT (J)=TAU2(J) )2 (1, 4F (JI/TAUSGLTsd))
4 TaultJd)s=TAu2(Y) '
5 B1=H2
DO & J=NU1sNU2
RS=TSFCSEMIS ()
TAUSSTAUCISFCod)
6 TA(UIZTA(JI+RSETAUS
RETUKN
END

SUBKUUTINE HUFF(PeTeweHou)
CR4R04 4RSS L 4R RS SLEB EERELAREEE KN RL VSR ERRRI SXR LR ERL A RS AR S
C INVERT PROFILES FOR CUMPATIBILITY WITH REMAINING ROUTINES,
C MAKE THE OPTION FOR CLEARe CLOUDY, OR PRECIPITATING ATMOSPHERES.
Cosnisnsssssaasnstsnesu it SRR ESRRRESRRSRERNNELARRNSREEEEREER &

PARAMETER LEVS40.NUMCHNSRe NMOSTSLEV+10
DIMENSION PINMOST) o T(NMOST) oW (NMOST) ¢ H(NMOST) o TRN(NMOST o NUMCHN)
2 2UCWMOST s NUMCHN) ¢ TAUABS (NMOST ¢ NUMCHN )
COMMUNZ INPUT Z7ALT (INMUST ) o TEMP (WMOST) ¢ PRE (NMOST) + H20 (NMOST) o
s THENS(9) »NTHICK yNBASE » TRNeNEWLEV (10) » TAUABS
COMMUN/TAUVAL/TRANS (NMOST o NUMCHN)
COMMOUN/SFCEMS/EMIS (NUMCHN)
COMMON/NEWLEV/ADDHT (10) ¢ NUMNE w » LYNUM
JELVYNUMS Y
DO 100 I=1rLVNUM
KaJd=~1
PRE(K)ZP(])
TEMP(X)IST(])
H20(n)Sw(])
ALT(RIZN(T)
DO 50 L1 sNUMCHN .
TRNIKsLIZTRANS(L0L)
TaUakSI{KoLISULIIL)
50 CONT INUE
100 CONTINUE




LR L P

T T R TR

oo e AR e

X s o atsXaXaaxaraXataXaXateXaeXakaXaXaXalalaRa el aNalelaXal ol s Ro W Y,

REAL 15.200) 1CHOSE
60 Tu (125015001750225) » ICHOSE
125 RETURN
150 CalL DRIVER
RETURN
175 CaLL PFILE
RETUKN
225 CALL SIMPLR
RETUKN
200 FORMAT( )
END

SUBRQGUTINE DRIVER
-.l."“.‘l..‘.‘.‘-..‘.l‘.“.".."..‘.“‘..‘.‘t.‘.‘“‘..“l“.‘.....‘
TH1S IS URIVING ROUTINg FOR CALCULATION OF BRIGHTNESS TEMPERATURLS
wITH INTERVEWING CLOUU LAYER,

LXECUTIVE PROGRAM FOR cLOUD AND PRECIPITATIONw=p SOLUTION OF THE
KRADIATIVE TRANSFER EQUATION FOR A PLANE=PARALLEL CLOUDY ATMOSPHEKE
VSING THE DISCRETE=OKDINATE METHOO, THIS PROGRAM WILL CALCULATE THE
RALIANCE (INTENSLTY) AgOVE AND BELOW NON=ISOTHERMAL CLOUDS AT The
WAVENUMBERS OF SCAMS OF NIMBUS 6. CLOUD TEMPERATURE GRACIENTS

IN THE VERTICAL ARE APMROXIMATED BY DIVIDING THE CLOUD DEPTH INTY
N LAYEKRS: EACH LAYEK ASSIGNED A RESPECTIVE TEMPERATURE ACCORINw
10 THE InPUT ATMUSPHERLIC PROFILE. A SYSTEM OF EGQUATIONS FOR THE
KALJANCE IS UERIVED FOx THE 16 DISCRETE RAYS,

[TIIYTT PR YL P IT L PRL P PE b Y PY T AL L2 g2 1 EERB eV RS S I RS EgERg

ANPUT PARAMETERS. (UNITS)
«sATMOSPHERIC CONDITLIONS#s
aLl ALTITUDE OF ATMOSPHERIC LAYER ABOVE THE SURFACE KM

TEMP  TEMPERATURE CORKESPONDING TO *ALT!? DEG K

PRE PHESSURE CORRESPONDING TO 'ALT? MILLIBAKS
H20 waTER VAPUK CONCENTRATION CORRESPONDING TO 'ALT* 6M CM=3
WEV NUMBEK OF ATMOSPHERIC PROFILE LAYERS NONE

s3CLOUL PARAMETERSes
NWTHICR NUMBER OF CLOUD THICKNESS CASES PER RUN (10 MaX) NONE

THKNS  ARRAY OF (LOUD THICKNESS (MAX OF 9 VALUES) KM
WBASE ALTITUDE OF CLOUD BASE (REAL NUMBER) KM
NLYR NUMBER OF LAYERS WITHMIN THE CLOUD (DEFAULT=3) NONE

eoEATINCTION PROPERT ESee
PINl  LEGANDRE POLYNOMJAL EXPANSION OF PHASE FUNCTION

rY SIWGLE SCATTERING ALBEDO ACCORDING TO *Nu
N WAVE NUMBcR (LIMITED TO *INT*2?)

wEXT  EATINCTION COEFFICIENTS ACCORDING TO °*Nue
WV LINE CONTRIBUTIUN TO ABSORPTION COEFFICIENT

(4.9} CONTINUUM CONTRLISUTION TO ABSORPTION COEFF TAKEN
o FROM PAPER BY K J BIGNELL (1970)
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9
10

REAL NUoLVINDASE

VOUDLE PRECISION PINO,UMsA¢2Z

PARAMETER LEV=40r INT26, M2225, NG=16+ NG2=8, NMOST=LEV+10
COMMUN/ INPUT/ALT (NMOST) o TEMP (NMOST ) s PRE (NMOST ) o H20 (NMOST) o
s THKNS(9) sNTHICK oNBASE » TRN (NMOST o INT ) ¢ NWLEV (10) »
s TAUABS (NMQST 4 INT)

COMMON /ANGLE/ UM(NG) ¢AING) ,P3
COMMON/LBMULT/UBC e ATMD s ATMR s ATMA » SFC » THRUSVY ( INT) , THRUPT ( INT) ¢ ITER
s oECBIPCHANCINT) o CLDEM

COMMOIv /POLY/ PINO(NG)

COMMON /7wINDOW/ UP(NG20» INT) ¢DW(NGZ9oINT) o THETA(NG) sNUCINT) sLV(INT) o
1CKL(INT) yCK2(INT) o LUVERT (INT) ¢ COVERT ( INT)

COMMON /KADATA/ PINI(NGsINT)PTCINT)/BEXT(INT)
COMMON/NEWLEVY/ADDNT (10) o NUMNEW ¢ LVNUM

COMMON /FREQ/FGHZ{INT)

COMMON 2(1300)

COMMON/FLAGS/ IFLAG(2)

DIMENSION NEWLV(10)

DATA SPOL6T/2,997929€10/

FORMAT( )

READ 9¢LAST

1F (LAST,NE,0) 60 TO 100

C ssassssensss INPUT CLOUD PARAMETERS sssssssgttssssess

OOOOHOOOOOOOOO

12

READ 9¢ (IPCHAN(1) 1510 INT)
READ 99 UBCoATMDeATMR,ATMA,SFC/ECBsCLDEMs ITER
READ 9/NTHICK ) NBASE#NLYR
NTHSTHICK
REAL 99 (THKNS (1) I=19/NTH)
READ 99 (PT(I) s 1=10NT)
READ 9¢ (BEXT(1)¢1=12INT)
VO 12 Jz=1oINWT
READ (5,1900) (PINL(I,J)+121416)

1900 FORMAT(S5F16,8)

READ(S5¢9) (IFLAG(V) 1U=392)

AFLAG(L)s 0 DO WOT INCLUDE SFC REFLECTION OF BRIGHTNESS COnTRIBUTION

FROM ABOVE SCATTERING LAYER wITH LOWER BOUNDARY VALUE,

1 INCLUDE SFC REFLECTION OF BRIGHTNESS CONTRIBUTLON
FROM AGOVE SCATTERING LAYER wITH LOWER BOUNDARY VALUE,
{ ASSUME TOP/DOWN THROUGHPUT EQUALS 1.)

IFLAS(2)= 0 00 NOT WRITE SCATTERING PARAMETERS TO FILE 20.

15

oNt o0 WRITE SCATTERING PARAMETERS TO FILE 20,
(IFLAG (2)SRAINFALL RATE IN MM/HR 100 YILLDS RFR=0

00 15 1=310INT

NUCI)S(FonZ (1)*3.E9)/SPOLGT @ CHANNEL WAVE NUMBERS,
Kzl

Kh=i

TESTSWBASE

U0 50 I=1,LVNUM

IF (ABS(ALT (1) =ADOHT (KK) ) =1 ,E=6)35+ 3538

35 NEWLV(IKK)=I

38
“y

KK=Knel

IFCABSIALT(I)=TEST)=1 ,E=6)40,40+50
NoLEV(KI=]

K=K+l

TEST=NBASE+*THKNS (K=} )

IFIRK.GT ,NUMNEW) 60 TO 60

$0 CONTINVE
60 PRINT 2000
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2000 FORMAT(1n0, *THE LEVELS ADDED TO THE PROFILE ARE = *¢/¢3X,
s 'PRESS(MB) * 230X, *HEIGHT (KM) * 010X ¢ TENP(DES K)* 9 10Xe
s "MIX RAT(GM/KGM)*)
00 81 I=1/NUMNEW
JENEWLYV (1)
PRINT 2002/PRE(J) rALT(J) « TEMP(J) 1 H20(J)

2001 FORMAT(SX1F9,2010X,F10,2,30X,F11,2,10%:E15,%5)

81 CONTINUE

KSTOP=0

C
C CHECK FOR LAST DATA CASE
C ODETERMINE EXTINCTION CUEFFICIENTS ONCE PER DATA CASE USING *xSTOP®
C IN SUBSEWVENT ROUTINE.
" ¢ EXECUTE ENTIRE CODE ONCE FOR EACH INPUT CLOUD THICKNESS (THKNS)
: c
i DO 90 KTrRkz1»NTHICK
85 CALL BNDRY (KSTOP)KTHK,NLYR)
CALL RAD (KTHKeNLYKesASTOP»985)
90 CONTINUVE
100 CONTINUE
RETURN
END

e R T T




SUVEBROUTINE DNDRV(KbTOPoKTHKoNLYR)
Coe84800805008388050088838008888s s *ss

C CALCULATE UPWARD AND DUWNWARD BRIGHYNESS TEHPERATURES AT THE CLOUO
€ LOTTOM AND TOP (QOUNDAKY CONDITIONS)

sss0tosstass L

Ca SeSesssBsesy chsad - Py -
- he L L ad 2 L d

REAL LVenWV

PARAMEYER LEV=40s INT=6, MZz25: NG=16+ NG228¢ NMOSTZLEVe310
QOUBLE PHECISION UmeA)CCRAD

REAL NBASE
COMMON/LBMULT/ZUBC » ATMD s ATMR ¢ ATMA ¢ SFC o THRUSY (INT) , THRUPT (INT) » INTER
s +ECor IPCHAN(EINT) o CLOEM

COMMOIN/ INPUT/ALT (NMOST) » TEMP (NMOST ) o PRE (NMOST) 1 H20 (NMOST) o
s THKNS(9) tNTRICK ¢NBASE ¢ TRN(NMOST » INT) yNWLEV (10)
s o+ TAUABS (NMQST/ INT)

COMMUN /ZANGLE/ UM(NG) ¢A(NG) oPI

COMMON /wINDOW/ UP (NG2INT) ¢OW(NG2)INT) o THETA(NG) sNULINT) oLV (INT)
» CK1(INT)eCK2(INT),CUVERT (INT)COVERT (INT)
COMMUII/NERLEV/ADDNT (10) s NUMNEW o LYNUM

COMMON /SFCEMS/ EM}SeNB

COMMON /RADATA/ PINI (NG, INT) PTLINT)BEXT(INT)
COMMUN/FLAGS/ IFLAG(2)

DIMENSION TAUSQ@(NMUST, INT)

DIMENSION TAUMINMOST» INT) » TAU(NMOST, INT)

QIMENSION TAUMOD (NMOST, INT) ¢EMIS(INT) +EUPLINT) oEQWLINT)
VIMENSION CUHORZ (INT) o COHORZ (INT) o CCRAD (INT,NG)
P123,1415926536

KSTOP=KSTOPel

IF (KSTOP.6T.1) GO TO 4O

WRITE (6,160) NBASE » THKNS (KTHK)

WRITE (6,180)

VO 30 I=1eINT
_IF (IPCHAN(]).EQ,0) GO TO 30

WRITE (6,190) (NU(L)ePT(1)eBEXTI(1) o (PINI(Js]),u=1:NG))

30 CONTINUVE
40 CONTINUVE

VETERMINE GAUSSIAN QUAURATURE WEIGHTS FOR DISCRETE ORDINATE METHUD
NG=NUMBER OF GAUSS POINTS (16)

UMsCOSINE (THETA)

ASWUADRATURE WEIGHT VALUES

CALL GAUSS (NGr=1,000,1,000)
LOOP FOR ANGLES

KOUNT=2

00 102 Jsi,NG2

JJSJeNGR

UMOZSNGL (UM (V) )
UM({JJ)S=UM(y)

AlJJ)SA(D)

UMLzSNGL (UM (J) )
UM225eL (UM (WJ) )

THETA (J)ISACOS (UML) e180,/P]
THETA (JU)SACOS(UM2) =180, /P
CALL TRANMNW (TAUM,TAUSQ+0, 019 INT2KOUNT +UMO)
JudsLYNUMe L

U0 TO K=1rLYNUM
SdJdueh
DO 60 M=1¢INT
60 TAU(LoM)=TAUM(KoM)
706 CONTINUE
NBSNWLEV (1)
NTOPSNWLEV (K THKe1)

OO OOOOHOHO
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C
€ LOOP FOR CHANNELS
¢

00 80 I=1¢INT

THRUPT(1)31,0

IFCIPCHANIT) EQ,0) 6O TO 80 .

00 79 McTOP s LYNUM _

W (TAU(M,1) NE, 0,) 6O TO 74

TAUMOU (M 1) =0,

60 10 715 1
74 TAUMOL (Mo 1) STAUINTOP1I) /TAU(Me]) > 5
75 CONTINVE i
80 CONTINVE

0O 101 I=1,INT

IF(LIPCHAN(]) .EQ.0) G0 TO 101

<
C COMPUTE (OWNWARD INTENSITY AT THE CLOUD TOP
¢

_ EL¥(])=0, 1
' NTOPLSNTOP+1
V0 95 M=NTOPLsLVNUN,
TOARS (TEMP (M=1) ¢ TEMP (M) ) #¢5 ]
ELW(I)SELW(])+TBARe (TAUMOD (M=1,1)=TAUMOD(M,1))
95 CONT INUE ,
UW(Je1)EDW (1) sUBC
CCRAD(1+uV)SUBLE (Dw(Vs1))
UO 97 K=1rLVNUM
TAUMQU (K¢ D)=TAV(194)/TAU(K, D)
97 COWTIRUE

¢
€ COMPUTE UPWARD IWTENSI1Y AT gOYTOM OF CLOUD

c
BSFC =0 .
UA"M:o .
RATMY=0,
RATMUZO0,
REFL31.=EMIS(I} 3
IF(NBJEQ, 1) 6O TO 98
00 100 Kz2/Nb
TOARS (TEMP (K) ¢+ TEMP (K*1) ) 805
IF(TAU(NBe 1) NE, Go) G0 TO 90
VATM=DATH
60 10 96
90 DATMZUATHOTBARS (TAULK,T)=TAU(K=1+1))/TAUINB,1)sATMD
96 RATMZ=RATMBeTBAR® (TAUMOD (K=1,1)=TAUMOD (K¢ 1) )*REFL*TAUMOD (N8B, i)
. sATMK
100 CONVINUVE
98 uSFCITEMP(1)eEMIS (1) *TAUMOD (N8B 1) eSFC
RATMUSEOW (1) sTAUMOD(NB o I ) *REFLeTAUMOD (NB+ 1) sATMASTHRUPT (1)
IF(ATMALE9.0)
® RATMUSCDVERT(1)sTAUMOD (NBy1)*REFLeTAUMOD(NB,])oECB
IF (IFLAG(1).EQ.0) RATMY=O,
EUP(1)2DATMeRATMLSRATMU
UP (Ve 3)SEUP (1) +BSFC
,, CCRAVL(1+J)=DBLE(UP (U 1))
! 103 CONTINVE
102 CONTINVE

c
C cXTRAPOLATE INTENSITIES TO THETA=O0, AND 90 DEG,
¢

i ICCRaD=1 i

! {EM] 520 .
00 110 JAY=1/INTY ,
IF CLPCHANCGJAY) 2 EQ4G) 6O TO 130 '
JOUMS INT 4
1UPLaNS0

L iy

it Rl e

P R ey

——

96




RS

CALL EXTRPO(THETA+(CRAD, TVERT»JAY » JOUMs TUPQWN)

CALL EXTRPY(THETA»CCRAD,) THORIZ 1 JAY,, JUUM, TUPDWN)

CUVERT(JAY)=TVERT

CUHORZ (JAY)=THORIZ

IUPpwiN=1

CALL EXTRPO(THETA¢CCRAD)RVERT 0 JAY s JOUM» JUPDWN)

CALL EXTRPO{THETA ¢ (CRAD,RHORIZ»JAY, JUUM, IUPDWN)

CUVERT (JAY ) =RVERT

CUHORZ (JAY)=RHOR]IZ
110 CONTIWUE

WRITE (6,200) (THKWS (KTHK)» (THETA(J) 0J=10rNG2))

DO 120 IzlsINT

IF(1PCHANG]) .EQ,0) GO TO 120

wRITE 16,210) (NU(I)'CUVERT(I)'(UP(JOI)'ngoNGZ)tCUHORZ(I))
120 CONTINUE

NG21zh62+¢1

WRITE (6,220) (THETA(J) »J=NG21sNG)

DO 130 1=zl.INT

IF (JPCHAN(I).EQ,0) 60 TO 130

wklTe (6,210) (Nu(l)ocDVERT(x)o(OV(Jvl)cJ=lnNGZ)oCDHORZ(l))
130 CONTINUE

RETUKN

160 FORMAT (//,54XsvCLUVUD STRUCTURE®,/,22X%s *CLOUD TEMPERATURES = (DERI
AVED FROM THE ATMOS, TEMP, PROFILE ¢ CLOUD THICKNESS) *0 /022X, *CLOVD
2 BASE HEIGHT S99F5.2,'KM*, /028X, *CLO THKNS SR8 1, 'KM (MAXTMY
3 OF 10 VALUES)*+//035X, *INPUT ABSORPTION COEFF ¢
W71 00X "NUT sONe TLV P ,8Xy *CKL 6K *CK2Y)

180 FORMAT (/+37Xs'SINGLE SCATTERING PROPERTIES OF WATER DROPLETS'e/e
123Xe tNUY 9K, *PT o o 79 *BEXT? 05X 0 00veerv0csocstccscsntscoscosscncecl
2‘“:..0....0...'..0.......'.....'0‘...',

190 FORMAT (SX1F6,4r2(uXoF6,3) s 4XoB(FB8,5:1%X)0/939X08(FB8,5¢1X))

200 FORMAT{In1,37Xe* BRIGHTNESS TEMPERATURE AT THE CLOUD TOP AND ¢
® 'BASE®+/048X0 'CLOUD THICKNESS *¢F5,3¢% KMo ,/7/49Xe ¢ THE UPWARY *y
# 'BRIGHTINESS 'e//74a0* (THETA) (0,0000)*9s3Xs8((?9FT,%0%)%,3X)e
s '(90,0000)%¢//705X,*WAVE NO?)

210 FORMAT(SRoF6.4¢F10,3¢01X,9(F10:3:2X),FL10, 3

220 FORMAT (/048X *THE DOWNWARD BRIGHTNESS®e//¢8X, * (THETA) (180,000)°,
«3XeB( (' FT7,30")%00K)s"( 90,000) *e//05Xe *WAVE NO?)

END
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SUBRCUTIINE GAUSS (Ne XL o XU)
C 2052035808423 083558088 008508200058 RS8RASESRBPRERES SRS EEESES R EEE
c SURROUTINE 'GAUSS® DETFRMINES THE GWUSSIAN QUADRATURE VARIARLES
[4 (PRIZYUMIT COSINE(THETA) ,*W'='A'z WEIGHTING FACTOR) FOR THE
4 NISCKRETE ORLINATE METHOD,
C 2338838520588 58888885%S tl"t“t‘ttt'ltttt'lt‘..llt.t"ttt.tt...t."..“
4

IMPLICIT DOUHLE PRECISIOW (A=~H,0+2)
CUMMUI ZANGLEZ K(16)eWl1R)ePL
DIMEKNSION Z{5u) PA(50)
TOLS1,.,006=-16
P1153.164159265%3589793D0+01)
AASZ . 0D+00/FP 11822
ABS=62 11400/ (3. 0u400sP] {8%4)
ACS15110.,004006/ (15, 0u+00sP11*%6)
ALS=125544 T4 . 04007 (1US. ON+0UsP11258)
Patl)=iuDeUU
Ehan
WHlzined
US1.UD*0U=(2,0D+0uL/P11) wu2
21 UDAV0/DSERT ((LN#0S0+00) 524U /4,0U+00)
DO 10 I=1eN
Sz}
AlSe, 0L+0UESN=1,0L+U0
ALShh/AZ
AFSAB/AZ®s3
AGSAC/AZ®»S
AHZAD/AZ»s7
1U Z(1)20.230400sP1 1% (LZ+AECAF+AGSAH)
LG n0 KS1eN
A=0CUS(ZIK) D))
20 PAt(2)2X
DO 30 NK=I3eNP)
ENNSNNe]
30 PA(NN):((?.UDOOUtLNN-l.0n000)sx.PA(NN-!)-(ENN-!.00000)'PA(NN-2))I
1ENN
PNPZEN® (PA(N)=XaPA{W1))/7(1.00¢00=XeX) .
Xi3a=Pa(Pl) 7/PNP .
XUS0aBS(X]I=x)
XDD=XD=10L
IF (xDD) 50¢50040
W X=XxI
60 TOo 20
S0 RtK)3X
oU WIKIZS2.00400% (1. 0L*LL=XsX) /7 (ENSPAIN) )22
KRETukN
END
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SUBRUUTINE EXTRPO(TRETA« INTENS TVERT »JAY o JOUM TUPDWN)
Co%884985280502805040088303888080588488488408858088S008RE0SERLB08SS0RSEsS
€ TH1S SUMKOUTINE 1S TO EXTRAPOLTATE THE INTENSITIES TO THETASO0. AND 90
E C RY APPLING LEAST~SuWUARE POLYNOMIAL.

Co83503304048880088853808830585038800030808358S80RS0RASERELEREERESEUSEERNS
c

IMPLICIT DOURLE PRECISION (A=H,0-2)
REAL THETATVERT
DOURLE PRECISION INTENS
LIMERSION ThETA(3G) o INTENS (JDUM, 16)
K11+ IUPDWN
XXSFLOAT(IUPNWN$180)
S K23K1+1
KISK) 42
E TISTHETAIKY)
5 T2STHETA(K2)
T3ZIHETAIKD)
HISINTENS (JAYKL) §
B INTENS(JAYIK2)
B3SINTENS(JAY 1K3) 9
CAZ(h2=R1)/L(T2=T1)s(T2~T3))+(R1=R3)/((T3=T1)e(T2=T3))
C22 i tRI=R1I=CA%(TOo=T1)#(TI¢T1))/(T3=T1) #

WEEPETIISY

Ci13n1=C28T1=C3sT1aT]
TVERTSCI14C2eXX¢CIaXABXX
G6U Tu 50

C THE FOLLUWING ENWTRY IS FOR THETA=90.
c

ENTRY EXTRPY(THETL » INTENSs TVERT ¢ JAY 0 JOUM, IUPDWN) t
1 3.3 11N
KiZo+As1UPDWN ;
6u T0 S

50 CONT1INUe
RETURN
END i
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SUBKOUTINE RAD (ATHK/NLYRIKSTOP,S)
C S338034 430855550858 88550000sptsttstgustestigstes sttt stssstsses
C FUR A GIVEN cLOJu DEPTh (*KTHKY) THIS ROUTINE APPLIES THE DISCRETE
C URUINATE METHOD TO THE RADIATIVE TRANSFER EQUATION FOR EACH OF THE
C SPECIFIED WAVE NUMBERS ('NU'), . N P e Rk s

C 5335558538880 548882000080388808y (oAl A L1 d see8ES

PARAMETER LEVZ40, INT=6, MZs25, NG=16, NG228¢ NMOSTELEV+10

OOUBLE PKRECISION PINO,UMyA

COMMON Z7ANGLE/ UMING) »A(NG) oP3
COMHON/LBMULT/UBC'uTHDoATMRoATMAoSFc'fﬂRUSV(INT)o?HRUPY(INT)oITER
» oECL e IPCHAN(INT)

COMMUN /POLY/ PINO(NG)

COMMON /RADATAZ PINI (NG, INT) oPTCINT) BEXT(INT)

LOOP THRU MaIN CALCULATIONS FOR EACH WAVE NUMBER (INDEX='JAY?)

[a N 2% )

U0 30 JAY=1,)INT

LFCIPCHANGJAY) «EQ.U) 60 TO 30

Wl 10 Ls1eNG

PINO(L)SUBLE((PINI(LoJAY) }ePT(JAY))
10 CONTINUVE

1IF (KSTOPR.GT.1) 6O TO 20

CALL IGEN (JAY)
20 CALL TGRAD (JAY KThKeNLYR)
30 CONTINUE

U0 40 I=1+]INT

IFCIPCHAIN(T) (EQ,0) 60 TO 40

IF CApS(THRUSV(I)=THRUPT(1))+6T«0s1) RETURN &
40 CONTINUVE

RETURN

END
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(2 X2 XaNaXaK4l

SUBKRGUTLINE 16EN (wAY) B
[T L Y IS TP T re P v 2R PV LTI YA R Y SR 222 2 22 2 D134 42 22 112 1d2d i
SUBROUTIIWES *IGEN? ¢ vSTART * o *FILLH® o 'FILLC » 'FILLDY 0 *FILLS" ¢ *GWPRD* 1
WEP's 'UPRRMs  ANU *LIPGFHY DETERMINE THE EIGENVALUES RTLD) H
ACCOKUING TU THE WwAVE NUMBER (LIOU,1973+4PPENDIX)
YLy sy e IR PR YA Y IR PR A2 2 PR TS D2 L D22 S22 s ddd lddd

PARAMETER NG=16¢ WG258» INTEH
DOUBLE PRECISION FInUe29VALUES
CUMMUON 2(1300)
COMmU: ZE1GEN/ VALUES(INT I NG2)
COMMON Z7POLY/ PING (NG)
NCIm=1300
NXSNG
NEN6
MUIMZ3is (N¢1)
Ir (MDIMGTNDIN) GU TO 310
HL2Z (NLIM=N) /2
NeSNax2
HSTIARNNTL
CalL START (Z2(1) 02 (NN#1) oZ(2%N41) ePINO»Z (1) 92(NS+28N) #Ne7 (28N41) 0
14 (3sie]1) 2 JAY)
60 Tu 2v

10 wkITk (6e30) NeNDIMeMDIM
PRINT &U

20 CONTINUVE
RETUNKN

30 FURMAT (515)
40 FORMAT ('OPROGRANM MUST BF REDEMENSIONED AT MDIWe)

END

101




Rt o

e

SURKOUTINE STaRT (BsCoPeTeDeSeNsCOMPLE ¢ POLswAY)
Coouss805203088838832808800080008808380088008088R88008%RRRRRERRRREEEERRnts
C SUHROUTIWE 'STAKT® IS T COMPUTE EIGENVALUES *VALUES(JAYsI)* AND
C HETUKNS THE EJGENVALULS THROUGH *1GEN® TO °*TGRAG' WHERE THE
C hALIANCE CALCULATIONS Akt MANE.
Coos0303803835030004500848802000858888ES0EENRSIRESRORRIRRERSESESeSSSEnten?
C

PARAMETER No238Bs G160 TNTS6

OOUKLE PRECLISION UMsAsPoCoBeSsDeToDMU»COMPLE oPOL ¢ G SGROOT,PROOT

1VALUEL o VALUES

COMMUN ZANGLEZ UM{NG) e AING) oPL

COMMUIN ZE1GEN/ VALUESIINTING2)

LIMENSION BUNoeN) e ClveN) e PININ) s TIN) e DIN) »SIN)

UIMENSION COMPLE (1) o FOLIN) G ING) ¢DMU(30) o VALUE (NG2) i

NL1ISN=1
Du 1u 121N
10 CAaLL LEP (P(1.X)sUM{I)eNLY)
0BO 20 IZ1eN
LO 20 Jz1.N
CALL FILLC (TeP(101)eP(1,J)eALJ)sCLLoJ)eN)
20 CONTINWUE
CALL FILLK (ReCoUMenoNL])
CALL FILLS (SeBeCePeN)
CALL FliwD (GsSeN)
IF (4BS(T(1)=1,0)eLE+1.E=10) D(N)=0.
0O 30 I=1eN
OMUCTI)IS1.D07UNLC]T)
30 CONTINUE
N2=n/241
IHSN+2
GIN2)Z1.00
LU 4o IS2eNe2
J=(ir=1)/2
G(JI=D(])
s CUNTINUE
Call DPRHM (GoN2+VALUECOMPLE «POL o IR IER)
[0 ou IS IR
SUROULVTZUSART (DAHS(VALUE(])))
PHOOTZSWROOT
LU 50 JSt1eNLL
S5U PROUT=(PKROOT+1)(J) ) sSGROOT
PROUTIPROOT4O(N)
VALUE (1) SSOROOT
IF (FRUOT.67.1.0D0=02) WRITE (6.80) PROOT
60 COUNTINUE
DO 70 1=1eNG2
VALUES (UAY» 1 )=VALUEL])
70 CONTIWUE
RETURN

A0 FORMAT (10////77 i 1GENVALUE ERROR ='¢D13.8/)
END
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SUBROUTINE LEP (YeXolN)
C

C ssssssonsssses LEGENDHRE FOLYNOMIAL EXPANSION ews

c

UOURLE PKECISION YoreG
DIMENSION Y(1)
Y1)z,
IF (v) 10010,20

10 RETUKN

20 Y(2)zX
IF (n=1) 10010,30

30 BO #0 1=2.N
6=XsY(])

40 Y(141)36=V{]l=1)e6=((=Y(le1))/FLOAT(I+1)
RE TuxN
END

SURKOUTINE FILLC (ToFIePUsAJICoN)

[

C CUMPUTE COEFFICIENT C(l.J)

C SEE LIOUs 1973 (APPENLIX)

c
DOURLE PRECISIOR TePloPJsAJIC
DIMENSLION T(1)sP1(1)sPJLY)
c=0.
0O 30 L31N

10 C=C+T(L)*PILISKJ(L)

=Cead/2.
RETURN
ENO

L 2 121

Sl




1
2v

C

SURKULUTIWE FILLR (B,CoUM,NsNLY)
L1Oue 1973 (APPENLIX)

DOUKLE PRECLSION beColUM
OIMENSIOIv BINeN) o C(NeN) vUMINY
00 20 I=1eNL1

IP131+]

DU 10 J=IP1sN
R(IsDISCLIvG)ZUMLT)
RiJel)3C(Jel)/7UM(V)
nlIel)SICIT o IN=1L0)/7UM(T)
HBINol)=(CI(NIN)=1 . LO)/UM(N)
KETURN

END

SUBROUTINE FILLS (SebeCoPeN)

€ SIN) IS TRACE OF A(NeN)

1 C SEE
: c

10

2

30
“0
50

66

L10Us 1973 (APPENDIX)

ODOURLF PRECISION SeBsPoC
DIMENSION S(1)enlineN) oP{NeN) oCINN)
DU 10 I=1eN

Stl)=u.

S{1i2S(1)+4B(1. 1)

DO 10 J=1eN

Ctlsu)=B(1ed)

NHEN

IF (MOD(N12) JEQ.0) NH=N~y
IF (N,LE.2) 60 TO Su

D0 80 I22/NHr2

CALL GMPRD (HsCePeNoN»N)
DU 21 J21sN
SIIzS(IIeP(JoJ)

CaLL GMPKRD (BePrCoNoNeN)
Ir1slel

DO 30 J=31sN
S(IF1ISSUIPL)«C(Jo )

CONT INUE

IF (WH.EG.N) RETURN

CaALL GMPRD (ReCePoNoNoN)
DO 60 J=1!N

SINISSINI+P LYW

RE TUKIN

END




SURBROUTINE GMPRD (AsBoRoNIMsL)
C THE SURKOGUTINE 1S TO COMPUTE GENERAL MATRIX PRODUCT,

DOUNLE PRECISION KearB
DIMENSION A(3)eR(1)oR(Y)
IR=0
IK=ek
00 10 K=1.L
InZIneM
0O 30 JS1eN
IRSIRe}
J1Su=N
INz1IK
R(Ik)=0
DO 11U I=teM
JISJIeN
IRZinel
16 R(IK)ISRIIR)+A(J])*B(18)
RE TUKN
END

SURROGUTINE FILLD (DeSeN)
c
C LI1) WRE COEFFICIENTS OF THE EXPANDED POLYNOMIAL OF EIGENVALUES.
C SEE LIOU,» 1973 (APPENLI1X)
[ 4
LUOUBLE PRECISION DeSeX
DIMEKSION S(1)0D(1)
D(1)z=S¢(1)
DO 20 I32sN
IL1z]=]
220,
00 10 Jv=1+1L1
1V X2X40(1=J) &S5 ()
20 DU1IS=(X+S(1))/FLOATL])
RETUKN
END
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SURKOUTINE OPREM (CoICeRKoRCoFOL e IR? JER) 1
Co208585003805088024838880035530800888R0805 08508080ttt teststasss
C SUBRUUTINES *DPRHM' ANL 'OPQFB' ARE FOR THE CALCULATION OF ROOTS i
C (EJGENVALULES) ACCORDING TO POLYNOMIAL EXPANSIONS
Co088500800485888888808883038088RRRESRERERRESSFS (1271 [ (14 FT T q2)

E DIMENSION CCL1)sRRU1)IRC(1)oPOL(1)eQ(W)
DOUNLE PRECISION ConKoRCoPOLIQIEPSIAvHIHIGE0G2

(4
C TEST ON LEAULING 2ERO COEFFICIENTS
[4
EPSZ)0D"n
LiMZ100
IRS1L+] ;
10 Ik=lke=1 "
! 1F (1R=1) 420.420¢2u
20 IF (CC(IR)) 304+10030
Cc
C wOKK UP ZERU ROUTS ANL NURMALIZE REMAINIING POLYNOMIAL
C
30 IER=z=u
J= Ik
L=0
ASC(IR)
DO w0 IZ)elIR
IF (L) 40,40.70
40 IF (C(1)) 60Ls5006L
50 RR(1)=0.D0
RC(I)S0U.N0
' POL(UVIZU.00
! JEJ=}
! 60 T¢ 80 .
i 60 L=)
1871
J=0
TV J=Je)
CLIN=C(II/A
POL(JIZC(])
Call OVERFL ()
IF (N=2) 42UrA0IBU 3
80 CONT INUE

C STaRT RAIRSTOw ITERATION
c

G120V.00

€230.00

] 90 IF (u=2) 330+100¢140
;i C DEGREE OF POLYNOMIAL 1S EGUAL TO ONE
100 ASPOL(1)

: RK(1ST)==A

] . RC(1ST)=0.00

j IRS1k=1

; 220,00

B IF (1R=1) 1301300110
; 110 DO 320 I=241R

: Q122
i Q2zruL (1+1)
120 POLL))SARG2401)
130 POL(IR+1)SA+QZ
60 10 340
C LEGKEE UF POLYNOMIAL 1S GREATER THAN ONE
180 DU 220 L31010
NS1
150 @(1)=0) .
et21s02
CALL DPWFA (POLoJrQrLIMT)
IF (1) 1602600230 ’
1hu IF (G1) 18001700160 v
370 I+ (@2) 1A00210,160 ® 3
180 @G TO (190+200019U2230)0 N 9
190 Ci==G1 ;
NENe)
G0 10 150
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210
220

230
240

270
280
290

300

310

320

330
340

350
360

370
3A0

390
#00
410
%20

Q2==¢2

NSN+¢1

60 TU 15
W121.,N0+G1

@231 .N0=42

IERZ)

IhSlke=J

RE TUkN

1ER=1

Q13¢(1)

Q220(2)

R=0.D0

A=0.00

1aJd

HEeuwl sB=u2*A+POL (1)
POL (ISR

B=A

ASH

1z21-1

IF (1-~2) 26002600250
POL(2)218

POL(1)3A

LESIk=1

IF (u=L) 270+:270+290
(0 280 13Jel
POL(1=1)=POL(1=1)+POL (1) 202¢POL(I¢1) 00}
POL(L)SPOUL(L)+POL(L+}1)sQ2+Q)
POL(IRIZPOL(IR) #Q2
==, 500842

ASHah=Q)
H=OSGRTI(NABS(A))

1F (a) 30003000310
RRUIST)IaN
RC(AST)zB

1STS]ST+)
RR(1STISN
KC(1ST)==-R

60 10 320
BIHeDSIGN(BIH)
RR(]1S8T)=@1/8

RC(1ST)=0.00
1ST=1ST+1

RRUIST)=H
RC(1ST)=0.00
1ST2]1ST+}

JSJ=-2

60 TG 90

IRZIR=}

A=0.D0

00 3K0 I23eIR
&12CiY)

Q22P0L.(1+1)

POL(1)=02

IF (w1) 3500360.350
02 (ul~u2) /Gl

Q23UARS(02)

IF (w2=A) 380.380+370
AZ02

CONTINUE

ISIke}

POL(1)21.00

RR(1)=A

RC(1)=0.D0

IF (1ER) 390,390+410
IF (A=EPS) 430,810,400
1ER==]

RETURN

1ER=2

IR0

RETURN

END
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10

20
30

40

50
A0
70

1Y

R s e o gt ot

100

ERTTNY

110
120

160
150

l 160

170

¢ 180

1002+w001 +0062¢D01 D02 EPS+EPS1,+CQ

o e it eSS BV AT B /s = A e pan . ¢

SURBKUUTINE UPWFB (CoICsGolIMs IER)
DIMENSIUN Cl1)ew (1)
DUUNLE PRECISION AekoAArRBeCAICEICCrCDIALIBLICeHIHHIG15020001¢

1ER=V 3
JyzICe1 ]
JEJ=) ¢
IF tu=1) 4006 400,20

IF (CtJ)) 30+10.30

AzCily)

IF (A=1.00) 40,6040

DO 50 1=21.d - 1
CeIi=ClI)/A 3
CALL OVERFL (N)

IF (N=2) 400.50,50

CONT INUE

IF (u=3) 410.380,70

EPSz1.0-14

EPSI:I D=6

«=0

LL=o

al13u(l)

G22wi2)

Q01=0.00

002=u .00

AAZC(1)

BR=C(2)

CHZLARS (AA)

CASLARS (RH)

1IF (LR=Ca) 80,900,100

CC=CHeCR

CHZCh/CA

Cas1.00

60 Tu 134

CC=CaeCA

CAZ1.00

CR=1.00

60 To 110 3
CCaCaela 1
CAas=Ca/Ch :
CB=1,00
Cb=CCs. 100
A=0.00

2zA 3
Al=A 3
R1=A 3

HSeul sB=u2%A+C(])
CaLL OVERFL (N)
IF (N=2) 82001800140
aza

ASH

it

F (I=31) 180+150+160
H20.00
HE=@isB1=02¢AL oM
CALL OVERFL (N)

IF (N=2) 82001700470

Cizal ¢
Biz=A) |
ALSH

60 10 130

HECasDABS (A) +CBsDABS (R) 8
IF (LL) 190,190,390 k:
LalLey



200
210
220

230
F{ 1]
250
260
2%

280

290

00

310
320

L% 1]
340
350

360
37

«00
10
W2y

430
(YN

IF (DABS(A)=EPSsDABSIC(1))) 20002000210
IF (DABS(B)~EPSsDABSIC(21)) 39003900210
IF (n=CC) 220¢2200230

AASA

BHSH

cCan

8uizul

062=¢2

IF (L=LIM) 280,280,240

IF (n=CD) 430,430,250

IF (0(1)) 27002600270

IF (6(2)) 270,420,270

@(1)20.0

Q@t2)=0.00

60 10 70

HHISUMAX S (DARS (AL) 1DABS(B1)00ABRS(CY))
IF (mH) 4200420,290

A1SAL /MR

Rl128) /WA

Cl3L /Mt

HEAlsClenishl

IF (R) 3U0e420+300

AZSA/NH

B=R/mH

HHS (nsAl=A®H1) /H

H={asCl=RsBl) /N

G136) +HN

Q222N

IF (DABS(HH)=EPSsLAKRS(Q1)) 310,310,330
1IF (UARS (H)=EPSsDABS(Q2)) 320,320+330
LL=)

60 Yu 120

IF (Le1l) 32001200380

1IF (LABS(HH)=EPS1sDABS(@1)) 35003500120
IF (LABSIH)=EPS1sUAKS (02)) 360+3600320
IF (DABS(GRWIeNH)~DAHS (Q18D01)) 370,4400880
IF (11ABS (00G2eN)=UAKS (02eD02) ) 12004404440
Q@(1)=C(1)

0(2)=2C(2)

013)=0.D0

0(8)=0.D0

RETURN

0(1)301

Q12102

Qi3)=a

ein)=p

RETURN

JERZ=1

RETURN

1ER==2

RE TURN

1ERz=3

60 1L Suu

1ERS 1

wi1)=Qae}

@l{&)=vua2

G(3)=AA

@i8)=RH

RETukN

EnD




SUBROUTINE TORAD (JAYKTHK¢NLYR)

PP LT rrrrr Ty rrwwrpeey P I POTT PP I RTT LTI PO T L2 DL P P 2 1 2 2 20
SUBROUTINE *TGRAY® FOrMS THE MATRIX OF LINEAR EQUATIONS RESULTING
FROM THE LAYERED CLOUD STRUCTURE AND BOUNDARY CONDITIONS IMPOSED

bY THE SURROUNDING NON=SCATTERING MOLECULAR ATMOSPHERE IN LOCAL
THERMODYNAMIL, EwUILIBKIUM, THE PRINCIPLE CALCULATIONS AKE
PERFORMED IN THIS ROUTINE WITH THE RESULTANT OUTPUT OF THE SPATIAL
VISTRIBUTION OF RADIANT INTENSITY ACCORDING TO THE DISCRETE RAYS
('1v62') ABOVE ANU BELOw THE CLOUD. VALUES FOR THE ZENITH ANSLcS

0 AND 9C LEG FOX THE TRANSMITTED AND REFLECTED RADIANCE AKE

e XTRAPOLATED FROM A LEAST=SQUARES POLY, FIT TO THE CaALCULATIONS,

P I T T TP P P PP P P I PTPY I P T I DL TR L f  f L 2T 2SS S e *

OOAOOOOOOOHOOON

PARAMETER LEV=40,  NT=6, MZz25, NGz16, N6258, NGLMz48
; ®» INMUSTSLEV10 o+ INT232eINT
REAL NUsLVINBASE
OOUBLE PRECISION Ax+OIFF,DIFNBsENTENS FNORFUNC» INTENS,LELI¢1ORTs
leitquPlNOoPOLIoRT.SADAo1409"0'1"ZoxpkvxxaoYPL'YYR'U""'
2VALUES
COMMON/INPUT/ALT (NmOST) o TEMP (NMOST ) o PRE (NMOST) »H20 (NMOST) o
: » THKNS (9) s NTHICK s NGASE » TRN(NMOST o INT) +NEWLEV (10)
; » o TAUABS (NMOST ¢ INT)
) . COMMON /ANGLE/ UM(NG) ¢A(NG)PJ ¥
COMMON/LSMULT/ZUBC » ATMD e ATMR s ATMA ¢ SFC» THRUSV (INT) o THRUPT (INT) » ITER
s 1ECBs IPCHAN(INT) » CLUEM
COMMONl /POLY/ PINO(NG)
COMMUIN /nINDUW/ UP (NG29 INT) »DW(NG2, INT) o THETA(NG) yNUCINT) oLV IINT)
1CKA (INT) ¢CK2(INT) o CUVERT (INT) ¢ COVERT (INT)
COMMON /CLOUY/ TEMPC(10)
COMMON /EIGEN/ VALUES (INTING2)
COMMOI/SFCEMS/EMIS (INT) oNB
CUMMON/NENLEV/ADDHT (10) o NUMNEW o LVNUM
COMMUN/FLAGS/ IFLAG(2)
COMMOIv /RADATA/ PINI (NG, INT) PTC(INT) BEXT(INT)
RIMENSION YPL(NG) ) YYR(NG) ¢ INTENS(3,NG) +POLI (NG sNG)
VIMENSION LE(NGLM) o Wl (NGLMoNGLM) ¢ W2 (NGLMINGLM) o ACOSUM (NG )
WIMENS IO SAUA (NG NG ) ¢ OSADA (NG ¢NG) tOPTH(9) oW (NG NG ) +L I (NGLM)
OIMENSION BINTC(3),TAU(S)1ENTENS (3/NG) +RT(NG) ¢ SAVE (INT2)

¢
C WETERMINE EXTINCTION COEFFICIENTS
¢

‘ 00 10 I=1,N62
¥ 11s14062
3 RY(1)SVALVES(JAY 1)
£ RT(11)s=KT(1) :

i

10 CONTINUE

b ¢
3 2 COMPUTE LEGENDRE POLYNUMIAL

: 00 30 I=1iN6
3 00 20 L=1/NG
J List~}
} XPLzuM(l)
§ CALL LEP (YPLoXPLoLL)
3 POLI(IrL)SYPLIL)
: 20 CONTINVE
30 CONTINE

110




s 2.

§ e K

40

U0 40 I=1eNG
UMIZShEL (UM(1))
ACOSUM( I )SACUS(UM])
CONTINVE

¢
€ COMPUTE SADA
¢

50
60

D0 60 K=1iNG

00 50 L=1:Ng

LizL=}

XXRSRT(K)

CALL DSADA (YYRoXXiobl)
SADA(KoL)SYYR{L)
CONTINVE

CONTINVE

c
C FIND RIGHT w FOR THE SMALLEST ROOT
(=

70

60
9%

300
3110

120

13

140
150

IF (NG,LT,310) 60 Ty 170
U0 160 NuS=N62:N62
ORTZRT (NGS)

1S=1

COUNT=0.0

CONTINVE
COUNT=COUNT+1,0
RT(NGS)=0RT

DO 90 L=1/Ng

Llste=d

XXRzRT (NGS)

CALL DSAVA (YYR,XXKel1)
SADA (NGS,L)=YYR (L)

IF (15.,60.1) 60 TO 80
SADA (NGS ¢ L) 2USADA (NESL)
CONTINVE

[

00 110 I=1/Né
;éIiNgS)=g.OUO

00 L=3/,N6
w(L1/NGS)ZW (1 +NGS) ¢PINO(L)*POLI LT +L)sSADAINGS,L)/(1,0004UMLI) e
IRTINGS) )
CONT INVE
FUNCIFUNC+A (1) ow(1,NGS) /2,000
CONTINVE
00 120 L=1,N6
ognggéugsiujaﬂoooo
0 =3ING
OSADA (NGS+L ) SOSADA (NBS L) *A(T)*POLI (I rL)*W (1 +,NGS) 72,0D0
FNORZOSADA (NGSe 1)
00 130 Lz1/NG
OSADA (NGS+L ) =OSADA (NGS oL ) /FNOR
SADA (N6S,L ) =0SADA IN6S,L)
CONTINVE
18=2
oﬂTt-u.oo-proun/osquuosmi
gf::’.::iggroo-rm
IF (OIFF.LE.1.0=7) 60 TO 150
IF (COUNT.8E.90,0) 60 YO 140

90 %o 70

WRITE (6,410) OIFF
60 10 400

CONTINVE

m
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00 160 L=1/NG
SADA (NGS»L ) =0SADA (NGSsL)
Lbalel
KLEMOD(LL e 2)
NGS2=N6Ss2 ‘
IF (KbeEQs0O) SADA(16S2¢L)=SADA (NGSsL)
IF {KLoEuel) SADA(N6S2sL)==SADA(NGS,L)
160 CONTINUE
E 170 CONTINUVE
: DO 172 1=1,]INT -
JEI4INT
SAVE(1)=PT(I)
. SAVE (J)=BEXT (1)
3 172 CONTINE
BSCAZPT (YAY ) sBEXT(UAY) :
NBOT=NEWLEV (1)
NTOP=NEWLEV (KTHKe+L) - i
DTAVABZTAVABS (NBOT, JAY ) « TAUABS (NTOP , JAY)
SABSZUTAUAB/THKNS (R THK)
BEXT (JAY)SBEXT (JAY) +BABS
PT (JAY)=HSCA/BEXT (yAY)
PRINT 175+JAYPT(JnY) oBEXT(JAY)
OPTH(KTHK ) STHKNS (KTHK)
GNSFLOAT (NLYR)
OPTHI=OPTH(KTHK) /6N
00 180 I=1,NLYR
TAU(1)=06LE (FLOAT (1) *OPTHI*BEXT(JAY))
180 CONTINUE

VALUES OF W OF CHARACTERISTIC EQ, FOR SEARCHING THE EI1GENVALUES,

; 00 200 I=1/,N6
00 200 Kz=1,N6
w(leK)=0,000
00 190 LL=S1,NG
W(ToK)ZW(IoK)HPINO(LL)SPOLEI(ToLL)*SADA(KILL)Z (12,0004 (UM(T))eRT(K))
190 CONTINUE
200 CONTINUVE

C MAXIMUM DIMENSIONS OF SOLUTION MATRIX = NOL
., NGL=NLYReNG

! D0 210 I=1l.N6L

; 00 210 Ksl.NelL

H witl,K)=0,000

. 210 CONTINUVE

C FOR wi{~U)=o=CLOUY TOP pOUNDARY CONDITIONs USE W(9,K) TO W(16,K)

00 220 I=1,NG2
l1islen62
00 220 Ksl.N6
witloK)zwi(IloK)

220 CONTINVE
IF (NLYR.EQ,1) 60 10 2040
LASNLYR=]
00 230 LsisLd
00 230 I=1.,NG
1121 eNG2+ (L=1)®NG
00 230 Kz1/N6
KKK oNG® (L=1)
NIKSKoNGSL,
wi(1oRK)ZW(IsK)SDLXP(=RT(K)sTAV(L)) s
wd(11oNK)Z=wl (11eKK)

230 CONTINVE

240 CONTINVE

OO0




e 153

Ry <. -

OO0

OO0

[aX 22212

FOR W{+U)===CLOUD BASE BOUNDARY CONDITIONes USE W(1,K) TO W(8,K)
00 250 I=1,NG2
LISIeNLYRSNG2+ (NLYR=1) sNG2
V0 250 K=1/NG
KKSh¢ (NLYR=1 ) sNG
WACIEoKK)SW(],K)SDEXP(=RT(K)sTAU(NLYR))
250 CONTINVE
V0 260 lI=l.N6L
00 260 Kzi,N6L
W2(leK)IZnd(IeK)
260 CONTIWUE

EVALUATE THE ‘L' COEFFICIENTS OF THE SOLUTIONS FOR INTEGRAL=
OIFFERENTIAL TRANSFER LGQUATION,

THE ngUD TEMPERATURE GRADIENT 1S DETERMINED FROM ATMOSPHERIC PROFILE
INPUT DATA.

HETZTHKNS (KTHK)
CALL TC (NLYRyOPTHL HGT s JAY ,KTHK)
U0 270 I=3oNLYR
USNU(JAY)
BINTC (1)=TEMPC(T)
270 CONTINUE _
00 260 I=1,NG2
LI(1)=0BLE (DW(1sJAY)=BINTC(1))

THE ARRAY 'LE' IS USED FOR EMISSIVITY CALCULATIONS IN WHICH Tt
UPWARD AND OOWNWARD INTENSITIES (UP,OW) OF THE MOLEC ATMOS
ARE SET TO 2gRO

LE(1)=DBLE(=BINTC(1))
280 CONTINVE
IF (INLYR,EG,1) 60 TO 300
D0 290 LzirLd
00 290 Isl.Ne
1151+N62¢ (L~ ) ONG
LICI11)=DBLE (BINTC(L+1)=BINTC(L))
LE(II)=LIAID)
290 CONTINVE
30U CONTINVE
00 330 Iz1,NG2
IF (NLYR,6T7,1) €0 10 310
11=1+NG2
60 710 320
310 II21+NG62s(2eNLYR=L)
320 LI(11)=DBLE(UP(TsJAY)=BINTC(NLYR))
LE(11)30pLE (=BINTC (NLYR))
330 CONTINVE

COMPUTE UPWARD + DOWNW4RD INTENSITIES
THE MATKIA INVERSION WiLL RETURN THE L « COEFFICIENTS

NTOTzWGeNLYR
CALL SIMu (WisLI/NTOTKS)
CALL SIMu (W2/LE/NTOT,KS)

INTENSITY(1oy) 1S FOR THE ITH LAYER = JTH ANGLE *MU*

00 380 I=1/NLYR

D0 370 Jz=lehNG2

JUSYHIG2

INTENS(1,J) 20,0000

INTENS (1,9J)50,0000

ENTENS(1,V)=0,0000

ENTENS (104J)=0,0000

n3

o v



[ o 2]

OO O

00 360 Kz=14N6
NK=K
AXSUEAP (=RT (k) 8sTAU(1))
IF ([eNE.1) NKZKeNps(I=1)
IF (1.6T7,1) 60 TQ 340
INTENS (I o J)ZINTENS (T rJd) ¢LT (NKISW (JyK)
ENTENS (o) StNTENS (I 0J) ¢LE (NK) SW (J oK)
60 To 350
340 INTEIWS(IoJ)SINTENS (1oJ}+LT(NK)®N(JyK)*DEXP (=RT(K)eTAU(1=1))
ENTENS(IoJ)SENTENS (T10Jd) L] (NK)EW(J)K)SDEXP (=RT(K)*TAU(I=1))
350 INTEWSCIoJJ)SINTENS (1,Jy) +LT INK) sW (JJeK) SAX
ENTENS (19 JJ)SENTENS (£ o) +LE (NK) oW (JJ oK) sAX
360 CONTINUVE
INTENS(ZoJ)SINTENS (10J)+DBLE(BINTC(I))
INTENS (1,JJ)SINTENS ( §oJJ) +DBLE(BINTC (1))
ENTENS (S oJ)SeNTENS (1+J) ¢DBLE(BINTC (1))
ENTENS (30 JJ)SENTENS (1 ¢ JJ) +DBLE (BINTC(2))
37¢ GUNY INUE
38¢ CONTINVE
LEMIS=]
ICCRAD=O
nNOUMz1
JoUMz3

EXTRAPOLATE 'cNTENS® (FOR EMISSIVITY) VALUES AT THETA = 00, AND 90
1VUPDwiN=0
CALL EXTRPO(THETAIENTENS TVERT 1 NDUM¢ JOUM» IUPDWN)
CALL EXTRPO (THETA»ENTENS» THORIZ +NOUM ¢ JOUMs TUPDWN)
IF(CLDEM,6T,0,1) EmISS=TVERT/BINTC(1)

EXTRAPOLATE *INTENS® VALUES AT THETA = 0 AND 90 DEGREES FOR
IRANSMITTED AND REFLECTED RADIANCE USED IN DETERMINING THE CLOUD
TRANSMISSIVITY AND REFLECTIVITY

THE EXTRAPOLATED CLEAR COLUMN RADIANCE(UP) FOR THETA=z0 IS *CUVERT!

1EM]1S5=0
CALL EXTRPO(THEYA+» INTENS, TVERT ¢NDUM, JOUMs TUPDWN)
CALL EXTRPS (THETA+ INTENS, THORIZ +NDUM+ JOUMs JUPDWN)
1UPDWN=1
NOUMz3
CALL EXTRPO(THETA+» INTENS RVERT ¢ NDUMy JOUM+¢ JUPDWN)
CALL EXTRPO (THETA» AINTVENS ¢RHOR1IZ o NDUM» JOUM, IUPDWN)
IF(CUVERT (JAY) +EUs0) 60 TO 384
TRANSZTVERT /CUVERT (JAY)
REFLCTSRVERT/CUVERT (VAY)
384 THRUSVIJAY)ISTHRUPT (JAY)
IF(ITER,tws0) 60 To 385
IF(COVERT (JAY) «NEsU) GO TO 383
THRUPT (JAY)22,.0
COVERT (JAY)=RVERT
GO Ty 385
$83 THRUPT (JAY)=RVERT/CDVERT (VAY)
385 WRITE (6,920) VAYeNU(JAY)
whIlE (6,430) OPTH(KTHK) « TAUINLYR)
WRITE (6,440) TVERT,RNORIZ
V0 390 J=1lr/Nu2
JYENg+ley
WRITE (69450) THETa(J) o INTENS(10J) o THETA(JY) ¢ INTENS (NLYR, JJ)
390 CONTJINVE




YYYSINTENS(1,3)

WRITE (6,460) THOR}2/RVERY

WRITE (6,470) EMISS. TRANS'REFLCY
IF(CLUEM,6T,0,1) EMISSMzENTENS(1+1)/BINTC(2)
WRITE (6,480) EMISSMIBINTC(2)

CALL TEMTOP (TEMPsNGASE 1 KTHK » JAY 1EMISSM» TVERT» YYY,
INVIJAY) s REFLCT)

IF(UAY N INT) 60 TO 40D

1IF(IFLAG(2) ,£Q.0) GO TO 400

WRITE (20,1000) LVNUMeIFLLAG(2) +NBASE » THKNS (KTHK )
WRITE(20,1010) ((TAUABS(IeJ)o1S2eLVNUM),Jz1, INT)
wRITE(20,1020) (TEMP(I) o 1510LVNUM)
WRITE(20,1020) (ALT(I)eJ=1,LVNUM)
ARITE(2041010) ((PINI(I,U)e121iNG),JS1sINT)
wiiITe(2001010) (HEXT(I),I=20INT)

W#R1ITE(20,1040) (PT(1)sl=1¢INT)

400 CONTINUE

00 405 1=1/,INT

JEI4INT

PT(1)=SAVE(]D)

BEXT (1)=SAVE (V)

405 CONTINUE
RETURN

175 FORMAT (110, "REVISEL SINGLE SCAT ALBEDO AND BEXT FOR CHANNEL *,12»
® /ot SINGLE SCAT ALBEDO=*¢F5¢302X, ¢BEXT=?F5,3)

410 FORMAT (10X,'s58sS 1TERATION FAILED $35%% FIFF =¢,E20,14)

%20 FORMAT (//¢v====SPECTRAL REGION® (12, '==ae NU=¢,F6,&4)

%30 FORMAT (32X, 'CLOUD THICKNESS='iF6.2,"(KM) OPTICAL THICKNESS=?,
1F8¢59/7e36X9 *THETA® y6X *UPWARD INTENSITY ' o5X, *THETA® ¢ 5Xo *DOWNNARD I
NTENSITYe/)

W40 FORMAT (38X *0,0000¢95X)F13,5¢7X¢?90,0000°+5X:F13,5)

%50 FORMA1(36X-F3-“oSXnFIS.595!0F9.“05x'F13.5)

460 FORMAT (37X *90.0000°¢15X,F13,5:6X,*180,0000°,5x,F13.95)

470 FORMAT (/+20Xs 'EMISSIVITYS *,F9,6¢5Xe *TRANSMISSIVITYZ ¢ 9F9,6¢5Xy 'R
LEFLECTIVITYz *+F9.0¢/)

480 FORMAT (/¢10Xs 'MEAN EMISSIVITY = ',F9,6,

1* CORRESPONULING TO T = *¢F7,2+'DEG K*)
1000 FORMAT (212,2F10,5)
1010 FORMAT(350E15,.7)
1020 FORMAT (S50F10,5)

END
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SURAKUUTINE TC (LAsOPTHI+HOT 1 JAYsKTHK)
BESAEIBBIBBSIECEESSINB2ARSR SRS XNSEFERLE SRR R ELVRESROTE I SRENETR SRS
THIS SURKOUTINE CALCULATES THE CLGUD LAYER TEMPERATURES FROM THE
INFUT ATMOSPHERIC TEMFEWATURF PROFILE. HE1GHT OF CLOUD BASEs AND THE
NUMBEK OF ISOTHERMAL LAYERS APPROXIMATING THE TEMPERATURE GRADIENT 4
SBSS5S222SBLSRELBAESRIFBIAS SRR LRSI ATESBEEERESI AR ERRSEREBRES RS SES

[aXaXeNaNalsl

PARAPETER LEVZ4Ur INTZ6s M2225, NG=160 NG2=8¢ NMOSTZLEV+10

REAL NBASE

COMMUN/ ENPUT Z4LT (1\MOST ) ¢ TEMP (NMOST ) » PRE (NMOST ) 1 H20 (NMOST) o

& THANS(U) o NTHICK ¢+ 1LBASE ¢ TRNCNMOST  INT) o NEWLEV (10)

s »TAUABS (NMOST, INT)

CoOMMuN /CLOUN/ TEMPC(10)

CUMMUN/LAMUL T/UBC » ATMD + ATMR s ATMA » SFC » THRUSV LINT) , THRUPT (INT) » ITER
®  sECAIIPCHANLINT) ¢ CLDEM ;
DIMENSION TEMPNT(10) ?

st 4 o s Lanbommecibe mmaan v ac e & n et s

Cc
C aSSUME LINEAR TEMP GRADIENT ..e«MONOTONICALLY DEC W/ HEIGHT
C
IuXROTSEWLEV (L)
- ILXTOPSHERLEV (KTHK+1)
3 . TEMFL (L) STEMP (JUXTOP) «CLNDEM
TEMPLILA)ISTEMP (1DABUT ) CLOEM
UTSTEMPC (LAY =TEMPC (1)
DZ=rLOAT(LA) =},
LALISLA=]
DO 10 I=2,LA1
TEMRPC LI )STENMPC (1) +(LT/D2) % (FLOAT(]1=1))sCLDEM
10 CONTINUE
IF (UAY.6GT.1) GG TO 30
wRIIE (6040)
DC 20 1=1.LA
TEMPRTLL)STEMPC (1) =273, 16 3
IF (1eEGe)) wRITE (6€e50) IoTEMPNT(I)
IF (leEweLAl WRITE (00663 IeTEMPNT(1)
IF (1oNEcloANDelonvELA) WRITE (6,70) IoTEMPNT(I)
20 CONTINUE
3L CUNTINUE
RETURN

40 FORMAT (//+4RXe*CLOUL LAYER TEMPERATURES®)

%0 FORMAT (51Xe11eF7.20" (TOP)*) g

A0 FORMAT (H1XeI11eFT7.20° (BASE) ") E

70 FORMAT (51Xs11¢F7.2)
END
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SURRUUTLINE TeMTUP(TEMP s NRASE ¢+ KTHK s JAY,EMISSMe X e Yo UsREFLCT) i
(4 T3 TTIEIIVSLI PP TIPS SRS IR PR I2 22222 7 222 2222t d diitdddddyt
C THIS SURROUTINE FINUS Tht ARIGHTNESS TEMPERATUR: AT
2 C THE SATELLITE'S POINT OF VIEw In A CLOUDY ATMOSPHERE
. Co883833258 8322 RAEBER ISR FRBPRSSARBEREN B EESENREE LSRN EESS S0 0
C

T i L s i

PLRAMETEN LEV=QU+INTZ60 NMOSTZLEV+10 !
REAL NHASE ‘
COMMUNZ 1NPUT Z7ALTL INMUST) o TEMPL (NMOST ) o PRE (NMOST ) o H20 (NMOST) »
2 THRALS(9) oNTHICK o1.BHSEL s TRN(NMOST » INT) o NEWLEV (10) i
& »TALAHS (NMOST e INT) i
COMMUNZ1E wbe VZAUDRT (10) ¢ NUMNE W o LVNUM f
DIMERS10I TAUCNMOST o INT) s TEMP (NMOST) » TEMTOP (2) 9 TISFC(2) ¢ ANGMOD(2) !
EGUIVALENCELTRN(1+1) e TAU(101))
HOLT=1.36006E~16 {
C=2,997929E10 4
1 CUNVAT=S2.5BULT8 s (Uss2)
Y ANGMUO LD )=1 40
ANGMOUNI(2)31.,01330¢
TISFC(1)3X
TiSrL(2)=Y
LEVisLVIUM
IF(uhtelitel) GO TU o0
U ISFUSNEWLEVIKTHA®L)
1SFLFISISFC+)
DO 160 LLe2
P1STe¥PLISFC)
TAULISTAUCISFCsJAY ) sANGMONIL)
TEMIOP(L)Z=0.0
UG 9u KS1SFCP1sLEV)
h23TeMP(R)
TauzaTALIKeJAY ) sANGMOD (L)
TEMIUP (L)STEMTOP(L)+0.5% (H1+R2) e (TAU2=-TAUL)
TaUl=TAU2
] QU HKl3nz
1 HKOSTASFCIL)*TAU(ISFCLoJAY)
] 100 TeEMILP(L)ISTEMTOPIL) #HS
WwRITE (6+900) TEMTUP(1) s TFMTOP(2)
90U FURMAT (Z9o3UXKe? VERT. Re TEMP, =%)F12.6+10Xr*B.TEMP.AT 8.5 =7,
1512000/)
A RETuki
2 £10

i ;
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SURKULUTINE USADA (YeXeR)
Co008808838080558328800288080088030080000088R0eEttNtRYtstttstessssssenis
C OENERATION OF SaDA FUNCTION
Co0588508508808005008883085088880800388800SSEIESRREssesestntsssstssnsts
[ 4
DUURLE PRECISION YenePINOFIoYIL é
CUMMUN /POLY/ PINU(10)
DIMENSION Y(2)
Y11)S1.0D0
IF (n) 10030020
10 RETukN .
20 Y(2)2=(}) . 00=PINU(1))I/X

IF (iv=l) 1001Go30
30 00 &U 132N

Azl

F12UKLE(A)

Y11= (Fl=1.0L0)/F1aY(1l=1)

Y(I41)Ze(2,00Us(Fi=1.000)41,000=PINO(I)}/Z(FIeX)ny(I)~YI]

4l CONTINUE

RETUKRN

EnD

SURKLLITINE PFILE

[

C wik1TE ATMOSPNEREL PROFILES TO FILE 20

c

PARAMETEr LEVZUMUes NUMCHKz6 o NMOST=LEV+10

COMMUNZ 1sPUTZH(NMCST ) o TANMOST) o P (NMOST ) ¢ H20 (INMOST) e THK (9)
2 LTRICK o ihASE ¢ TRININMOST o NUMCHN) s NEWLL V(10)
COMMUN/F RE Q/FINU (NUMCHN)

COMMONZ e nl.t VZADDHT 110) o NUMNE w o LYNUM
COMMON/SFCEMS/ZEMI S (NUMCHI)

DIMENSIUN TR UINMOST o NUMCHN ) o HT (NMOST) » TP (NMOST)

ISTATZWERTRI o 'RASGeAX 20,¢F/0/TRK/300 , *)
Phinl 200,15TAT

LU Su 1SLVNUMe]s=]

Kl ViviiM= e}

Hi{n)=H(L)

TriRIZTLL)

LO Su Js1e7

LEBey,

1F(usal u) Lagay=usihT(5/7J)
TrineLISTHNCL o J)

CONTINUE

PRINT GUUe (FNUILJ) ¢ JS 1 o NUMCHIN)

LO 10 1S1sLVNUM

WKITE (2L e300 eHT (L) s TPCIYoH20(I) 2o (THE1 0 W) oIS o HUMCHIY)

PrInT S00eHT (1) o TH (1) oH20(T) o ITR(T0¢d) ¢ J=1 ¢ NUMCHN) 4
CUNTINUE

FORMLTE1HL»*STATIS OF ASSIGW FOR FILE 20. = *»13)

30U FORMAT(FT.30FelerTe3¢02X,7F33.6)

#0U FORMATC(INL e "HEIGHT 1EMP K20 192X0 7L TAU(*»FS.207) )} L
St FORMMTCIRIFT43eF6e1eFT7:3,2X¢7F13,.6)

KE TURN

EnD °

18




aLOCK DATA
CoontnsntststanssssBasstusssesstetis sttt sintttsiseuuisstetsesnsdss
C UATA UF ANTENNA GAIN UF KADIOMETER, AND CLIMATOLOGICAL PROFILFS
€ OF TEMPERATURE,» HUMITY,ahD HFIGHT.
Corsassnsatssassssssitsnsint iNssts s entt st oAttt rnestssssaossssisnts

PARAMETER NUMLV=GLe NMOSTENUMLV+10s NUMCHNZS

CUMMON/PRES/ P (NMLST)

CUMMON/F REQ/F U (NLMERN)

COMMON/TANDW/ T (NMOST ) ¢+ W (NMOST)

CUMMON/HANDU/HINMUST ) o U(NMOST)

COMMON/ZGAIN/GANT (127 ¢ NUMCHN)

DuTA (P(1)slz1eNUNLY)/

B 0100200503200 10502003004,05.0700100015,020,025,030.0500060,¢

- 70..“5.'100..115..135."500'200..250"300.'350.'“OOI'HSOO'“7SI'

% 50002570 062040670.0700,sT80e285042920.¢950,2,1000,.7

DATA FNU/22.235:31.65052,85053.850155.45037,00/

DATALGANT(Ir1)e1I=10127)/ 63904
96+5 937 8530 TR« 63.9¢ 51.7¢ 38,50 28.2' 18.9»
117 Gel20 1530 139 3.21¢ 3.600 3.6l 2,51 1.33
UeD6ESe 0eRRGr 1e43r 1.31¢ 1,050 0,355+ 0,124 0,707, 0.9
UeRUtrr 05560 Uewdle (6950 0.875¢ 0,984s 0,873¢ 0,703, 0,455,
Ue?7S9 O3y Gobbl 0.107' 0.865¢ 0,733 0,549, 0,361, 0.1530
0e125¢ 063210 (o539 0.5650 0.513¢ 0.,457¢ 0,309¢ 0,279, 0,215,
0e347¢ G409y 0e5200 0.5““0 0.621. 0059“' 0.6059 005390 0'“770
D22 /

L 2K 2R 2R BN 2% 3N W 2

LATA(GANT(1¢2)01210127)/ 638040

96.5¢ 93.7» 89.3¢ TR.9¢ 63.9» 51.7¢ 38,50 28,2¢ 18,9
11.7» 60120 1537 1390 3,210 3,600 3.64r 2,510 1,33,
0.065¢ 0.8R9 1.43¢ 1.31¢ 1.05+ 0,355+ 0,324 0,707, 0.9
UsRUGB» 05560 (Y%} 1} 0-6950 0.8750 0,984, 00873' 0.7030 0.u55.
0e279¢ De30le DebbUe 0e707¢ 0.865¢ 0,733¢ 0,549 0,361 0,153,
01250 04321+ Ge539¢ 04565+ 0,513+ 0.457¢ 0,309, 0,279, 0,215,
Ues347s» 0,409 0.520, u.S“Uc 0.6212 0,590 0,645, 0,539, 0'“710
0422 /

LK I N 3R BN A

DATA(GANT(I+,3)01310127)/ 63%0,

Sn.5¢ 93.7¢ B85.3¢ TR.9r 63,90 51.7¢ 38,5r 28.2¢ 18,90
11.7» 60120 1530 1390 .21 3.600 3,64, 2,510 1.33»
UeN6Se 0089 1e83r 14310 1,050 0,355+ 0,124¢ 0.707, 0.9¢
QoRlBr 05560 Gott31le (12695¢ 0.875¢ 0.984s 0.873¢ 00,7030 0,455
062790 0.368¢ L5849 0.707¢ C.A659 0,733» 0,549¢ 0,363, 0,153,
Ve125s 00321 (o539 0.565¢ 0.513¢ 0.4579 0,309¢ 0,279, 0.2150
Ge3470 0409 (o520, 0.5““' 0.621' 0594 006“50 0,539, 00“770

V.u22 /

L B 2R K BN NE ON BN 2

OATAIGANT (I r8)01210127)/ 6380,

96.%0 0O03,7¢ 85.3¢ 789y 63,9 51«7 38.,5¢ 28,2 18.9¢
11.7» 60120 1530 1.39¢ 3,210 3,600 3I.640 2.51¢ 1.33¢
Ve0650 0.8R9) 1,430 1'31. 1.050 0355, 00,1249 0,707, 0.9¢
VR4 05560 0,631s Ne695, 0,875, 0.984¢ 0.873¢ 0,703, 0.455,
02790 03640 0,584 NaT0Te 0,865 0.733¢ 0,548¢ 0,363y 0.153¢
01250 03210 0.539¢ 045650 0.513¢» 0.457¢ 0,309¢ 0.279, 0.215¢
03875 0409, Uo5H20s 05480 0.6210 0,594 0,645¢ 0,539 0,477

Gel22 /

ng

[PIRERAR R/ RS




OATA(GANT(L+5) 91214127}/ 6360,

6.5 93.7, 8563 T8.9¢ 63.9¢ 5170 38¢5¢ 28,20 18.9¢
117 60120 1.953¢ 1.39, 3.21¢ 3,600 3.64¢ 2,51 1.33
Ve009r B.HAAGs 1,830 16310 1.05¢ 0.355¢ 0,124 0,707, 0.9,
UeABBY 05560 Col31e Ne695e 0.875¢ 0,984+ 0,873¢ 0,703, 0,455,
0,279 De3fide USBUY 6.T707s 0.865¢ 0,733+ 0,549 0,361, 0,153,
Vel250 043210 Lo5IF N.S5050 0,513 0,457 0,309 0,279, 0,215,
0-3“70 00“090 005200 ﬂ.s““’ 0.6210 0359“. 006“50 0‘5390 00“710

V.22 /

LR 3K 2K N BN 3 3

DATA(GANT(106)91210127)/ 638040

9heSe 93.7. 85430 7“09' 63-9' 5"1' 36-5' 28.2' ‘BOQ'
11.7¢ 6120 1531 139 3.21¢ 3.60¢r 3,640 2.510 1,33
00650 DoBA9Y 1,430 131 1.05¢ 0.3550 0,124 0,707 0.9
VeRUN?Y 05560 U310 1.69%0 0,875, 0.984¢ 0,873¢ 0.703, 0.u55,
Ue2790 0:36lbs D568 DT07» 0.R65¢ 0.733¢ 0,549, 0,361 0,353,
01250 043210 GeD390 0.565¢ 0.513¢ 0.457¢ 0,309» 0.279» 0.215,
03870 0,409 LoD20¢ 01.5489 0.621¢ 0.594» 0,645, 0,539, 0,477,
velb22 /

L X 28 3K X 3R 3 I )

DATA (T(I)el=1eNUMLV)/
22he20 284,20 29671 206420 262.20 258,20 25120 286,20 242.2¢
23%.20 231.20 2:c7e20 223420 221.20 219,20 214,20 215,20 212.20
211.20 209,20 216430 216430 236.30 218,40 225.5¢ 233,4¢ 240.4»
251.7¢ 255,060 259.90 Zh2e20 26840 272,40 276,29 278,30 283.60
287.5¢ 290.7» 291.8¢ 2Q3.6/

L 28 3K X 2N 2

DATA (W(1)elS3eNUMLV)Y/

& 2080.¢ «h669E=Se

8 Uef1S6E=30.9703E-30+4B07E=2¢.3021E=1+,8973E=10.1703E~00,2957E00,
* LINABEUGY cSASIEGO 6A9T7E00e . 120UE+1 ¢, 1B08E+19,2639€E41, ,3138E41
3 0.5306E+410.7582E41¢¢1010E420,1140E+20,1348E+2/

1 DATA (HU1)oEZ1sNUMLY)/ 4

& 60,25¢ 61,728+ 54300 4B.BSe 45,600 43,35 40,24, 38.57
% 37.160 Ju.ll8s 31790 28.93¢ 27.10¢ 25,530 24.200 20.R9,
s 19,71 1b.73¢ 17.48¢ 16.44» 15.55, 14,54, 13.8P, 12,08,
- 1U.59, 9,358, B.26R T.4650 6.930, 6.186, S5.796¢ 4eT7730

. & 84,1020 3.472¢ Je11l6e 2.228¢ 1.50%0 L8297, «5533, 111V
END
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